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FIG.7
PUGCH 1 | PRB pair1 | FREQUENCY DOMAIN Code 1 | TIME DOMAIN Code 1
PUGCCH 2 PRB pair 1 FREQUENCY DOMAIN Code 1 | TIME DOMAIN Code 2
PUGCH 3 | PRB pair1 | FREQUENCY DOMAIN Code 1 | TIME DOMAIN Code 3
PUCCH4 | PRB pair 1 | FREQUENCY DOMAIN Code 2 | TIME DOMAIN Code 1
PUCCHS5 | PRB pair1 | FREQUENCY DOMAIN Code 2 | TIME DOMAIN Code 2
PUGCH 6 | PRB pair1 | FREQUENGY DOMAIN Code 2 | TIME DOMAIN Code 3
PUCCH 7 PRB pair 1 FREQUENCY DOMAIN Code 3 | TIME DOMAIN Code 1
~PUCCH 8 PRB pair 1 FREQUENCY DOMAIN Code 3 | TIME DOMAIN Code 2
PUCCH 9 PRB pair 1 FREQUENCY DOMAIN Code 3 { TIME DOMAIN Code 3
PUGCCH 10 PRB pair 1 FREQUENCY DOMAIN Code 4 | TIME DOMAIN Code 1
PUCCH 11 PRB pair 1 FREQUENCY DOMAIN Code 4 | TIME DOMAIN Code 2
PUCCH 12 PRB pair 1 FREQUENCY DOMAIN Code 4 | TIME DOMAIN Code 3
PUCCH 13 | PRB pair 2 | FREQUENCY DOMAIN Code 1 | TIME DOMAIN Code 1
PUCCH 14 | PRB pair2 | FREQUENCY DOMAIN Code 1 | TIME DOMAIN Code 2
PUCCH 15 PRB pair 2 | FREQUENCY DOMAIN Code 1 | TIME DOMAIN Code 3
PUGCH 16 | PRB pair 2 | FREQUENGY DOMAIN Code 2 | TIME DOMAIN Code 1
PUCCH 17 | PRB pair 2 | FREQUENCY DOMAIN Code 2 | TIME DOMAIN Code 2
PUGCH 18 | PRB pair 2 | FREQUENGY DOMAIN Code 2 | TIME DOMAIN Code 3
PUCCH 19 PRB pair 2 FREQUENQY DOMAIN Code 3 | TIME DOMAIN Code 1
PUCCH 20 PRB pair 2 | FREQUENCY DOMAIN Code 3 | TIME DOMAIN Code 2
PUCCH 21 PRB pair 2 | FREQUENCY DOMAIN Code 3 | TIME DOMAIN Code 3
PUCCH 22 PRB pair 2 | FREQUENCY DOMAIN Code 4 | TIME DOMAIN Code 1
PUCCH 23 PRB pair 2 FREQUENCY DOMAIN Code 4 | TIME DOMAIN Code 2
PUCCH 24 | PRB pair2 | FREQUENCY DOMAIN Code 4 | TIME DOMAIN Code 3
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FIG.8
AGK/NACK AGK/NAGK Resource aPSK
ACK ACK Resource 2 -1
ACK NACK Resource 1 -1
NACK ACK Resource 2 +1
NACK NACK Resource 1 +1 |
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FIG.14 "
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FIG17
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1

MOBILE STATION DEVICE,
COMMUNICATION SYSTEM,
COMMUNICATION METHOD AND
INTEGRATED CIRCUIT

TECHNICAL FIELD

The present invention relates to a mobile station device, a
communication system, a communication method and an
integrated circuit, allowing, in a communication system
including a plurality of mobile station devices and a base
station device, the base station device to appropriately obtain
information from an uplink signal transmitted from a mobile
station device, by controlling transmit power of uplink sig-
nals.

BACKGROUND ART

Evolutions of wireless network and wireless access
method for cellular mobile communication (hereinafter
referred to as “Long Term Evolution (LTE)” or “Evolved
Universal Terrestrial Radio Access (EUTRA)”) have been
specified in the Third Generation Partnership Project (3GPP).
In LTE, as a method of wireless communication from a base
station device to a mobile station device (downlink; herein-
after also denoted as “DL”), Orthogonal Frequency Division
Multiplexing (OFDM), which is a multi-carrier transmission
method, is used. Further, in LTE, as a method of communi-
cation from a mobile station device to the base station device
(uplink, hereinafter also denoted as “UL”), SC-FDMA
(Single-Carrier Frequency Division Multiple Access), which
is a single-carrier transmission method, is used. In LTE, DFT-
Spread OFDM (Discrete Fourier Transform-Spread OFDM)
is used as a type of SC-FDMA.

In 3GPP, wireless network and wireless access method
realizing data communication of higher speed (hereinafter
referred to as “Long Term Evolution-Advanced (LTE-A)” or
“Advanced Evolved Universal Terrestrial Radio Access
(A-EUTRA)” utilizing wider frequency band than LTE have
been considered. LTE-A must realize backward compatibility
with LTE. LTE-A must satisfy the requirements that a base
station device supporting LTE-A be capable of simultaneous
communication with a mobile station device supporting
LTE-A and a mobile station device supporting LTE, and that
amobile station device supporting LTE-A be capable of com-
munication with a base station supporting LTE-A as wellas a
base station supporting LTE. In order to satisfy these require-
ments, UTE-A is supposed to support at least the same chan-
nel configuration as LTE.

A channel means a medium used for signal transmission. A
channel used in a physical layer is referred to as a “physical
channel,” and a channel used in a media access (Media Access
Control: MAC) layer is referred to as a “logical channel.”
There are various types of physical channels, including:
Physical Downlink Shared CHannel (PDSCH) used for trans-
mitting/receiving downlink data and control information;
Physical Downlink Control CHannel (PDCCH) used for
transmitting downlink control information; Physical Uplink
Shared CHannel (PUSCH) used for transmitting/receiving
uplink data and control information; Physical Uplink Control
CHannel (PUCCH) used for transmitting/receiving control
information; Synchronization CHannel (SCH) used for
establishing downlink synchronization; Physical Random
Access CHannel (PRACH) used for establishing uplink syn-
chronization; and Physical Broadcast CHannel (PBCH) used
for transmitting downlink system information. A mobile sta-
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2

tion device or a base station device places and transmits
signals generated from control information and data on these
physical channels.

Data transmitted through the physical downlink shared
channel or the physical uplink shared channel is referred to as
a “transport block.”

Control information placed on the physical uplink control
channel is referred to as “Uplink Control Information” (UCI).
The uplink control information may include (1) control infor-
mation indicating an acknowledgement (ACK) or a negative
acknowledgement (NACK) of receipt of data placed on the
physical downlink shared channel (receipt acknowledgment;
ACK/NACK), (2) control information indicating request for
allocation of uplink resources (Scheduling Request: SR), and
(3) control information indicating downlink reception quality
(hereinafter also referred to as “‘channel quality””) (Channel
Quality Indicator: CQI).

LTE-A proposes a technique of using a plurality of fre-
quency bands of the same channel structure as LTE (herein-
after referred to as “component carrier: CC” or component
frequency band) as one frequency band (wider frequency
band) (this technique is referred to as “spectrum aggrega-
tion,” “carrier aggregation” or “frequency aggregation”).
Specifically, in communication utilizing the carrier aggrega-
tion, each downlink component carrier (hereinafter also
denoted as “DL CC”) transmits/receives a downlink physical
channel, and each uplink component carrier (hereinafter also
referred to as “UL CC”) transmits/receives an uplink physical
channel. Namely, carrier aggregation is a technique allowing
the base station and mobile station devices to simultaneously
transmit/receive signals through a plurality of physical chan-
nels, using a plurality of component carriers.

In LTE-A, the coverage for communication by a base sta-
tion device using one frequency band is referred to as a “cell.”
Carrier aggregation represents communication using a plu-
rality of cells using a plurality of frequency bands, and hence,
it is also referred to as “cell aggregation.” In cell aggregation,
a plurality of cells are defined as either one of two different
types of cells. Specifically, one cell is defined as a primary cell
(Pcell), and other cells are defined as secondary cells (Scell).
A base station device independently sets the primary and
secondary cells for each mobile station device where cell
aggregation is adopted.

A primary cell is always configured with a set (combina-
tion) of one downlink component carrier and one uplink
component carrier. A secondary cell is configured with at
least one downlink component carrier, and it may or may not
be configured with an uplink component carrier. The compo-
nent carrier used in the primary cell is referred to as a “pri-
mary component carrier (PCC).” The component carrier used
in the secondary cell is referred to as a “secondary component
carrier (SCC).” In the primary and secondary cells, data com-
munication using physical downlink shared channel and
physical uplink shared channel is executed commonly, while
various other processes are executed independently.

Briefly stated, a plurality of processes are executed only by
the primary cell and not by the secondary cell or cells. By way
of example, acquisition of system information and determi-
nation of radio link failure (RLF) are executed on the down-
link, and execution of random access procedure using physi-
cal random access channel and transmission/reception of
uplink control information using physical uplink control
channel are executed on the uplink, of the primary cell. Basi-
cally, all processes that are executed in LTE without using cell
aggregation are done by the primary cell, while processes
other than data communication are not executed by the sec-
ondary cell.
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A mobile station device transmits control information (re-
ceipt acknowledgement) indicating either a positive or nega-
tive acknowledgment of the data received through a physical
downlink shared channel, using a physical uplink control
channel. Based on the receipt acknowledgement received
from the mobile station device, the base station device con-
trols re-transmission of data that has been transmitted to the
mobile station device, using the physical downlink shared
channel. In LTE-A using cell aggregation, the base station
device can transmit data to mobile station devices using a
plurality of physical downlink shared channels at one time.
The mobile station device that has received data through the
plurality of physical downlink shared channels with cell
aggregation must send a plurality of receipt acknowledge-
ments to the base station device at one time. According to
LTE, a base station device can transmit data to a mobile
station device using only one physical downlink shared chan-
nel at one time, and the mobile station device that has received
the data through one physical downlink shared channel sends
one receipt acknowledgement to the base station device using
the physical uplink control channel. In LTE-A, a new method
of transmission has been studied to enable the mobile station
device to send a plurality of receipt acknowledgements to the
base station device (Non-Patent Literature 1).

More specifically, a method of transmission (ACK/NACK
channel selection, PUCCH format 1b with channel selection)
is under review as a new method of transmission, in which
implicit receipt acknowledgement information is provided by
the mobile station device selecting a resource of physical
uplink control channel used for signal transmission from
among a plurality of candidate resources of physical uplink
control channel, in accordance with the receipt acknowledge-
ment information and, in addition, explicit receipt acknowl-
edgement information is provided by the mobile station
device transmitting a modulated signal on the physical uplink
control channel using the selected resource. The mobile sta-
tion device determines the candidate resources used for
resource selection of physical uplink control channel based
on the detected physical downlink control channel.

According to LTE, resource allocation of physical uplink
control channel used for transmitting receipt acknowledge-
ment is implicitly carried out based on the resources used for
the physical downlink control channel. Such resource alloca-
tion is referred to as “implicit resource allocation.” The
“implicit resource allocation” means that information dedi-
cated for resource allocation is not used, and resource alloca-
tion is done using pieces of information intended for other
purposes. On the other hand, “explicit resource allocation”
means that resource allocation is done using information
dedicated only for resource allocation.

The physical downlink control channel consists of a plu-
rality of control channel elements (hereinafter also denoted as
“CCEs”). The control channel element is a unit of resources
used for the physical downlink control channel. A corre-
sponding relation between the resources of the physical
uplink control channel used for transmitting receipt acknowl-
edgement and the control channel elements is established in
advance. CCEs used between a base station device and a
mobile station device have numbers allocated to identify
respective CCEs. Numbering of CCEs is done in accordance
with a predetermined rule.

The physical downlink control channel consists of an
aggregated plurality of CCEs (CCE aggregation). The num-
ber of CCEs forming the aggregation will be hereinafter
referred to as “CCE aggregation number.” The CCE aggrega-
tion number forming a physical downlink control channel is
set by the base station device in accordance with code rate set
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for the physical downlink control channel and the number of
bits of control information carried on the physical downlink
control channel. By way of example, the base station device
may form a physical downlink control channel using one
CCE, may form a physical downlink control channel using
two CCEs, may form a physical downlink control channel
using four CCEs, or may form a physical downlink control
channel using eight CCEs. Typically, for a mobile station
device with good channel quality, the base station device
forms a physical downlink channel using a smaller number of
CCEs, and for a mobile station device with poor channel
quality, the base station device forms a physical downlink
control channel using a larger number of CCEs. Further, for
transmitting control information of smaller number of bits,
the base station device forms a physical downlink control
channel using a smaller number of CCEs, and for transmitting
control information of larger number of bits, it forms a physi-
cal downlink control channel using a larger number of CCEs.

The physical uplink control channel used for transmitting
the receipt acknowledgement is constituted of three-dimen-
sional resources, including physical resource blocks as
resources defined in frequency domain and time domain, a
frequency domain code and a time domain code. Various
combinations of resources of physical uplink control channel
used for transmitting receipt acknowledgement in the com-
munication system have numbers allocated thereto, for iden-
tifying each of the combinations of resources, based on a
predetermined rule.

By way of example, a corresponding relation between the
numbers of CCEs and the numbers of resources for the physi-
cal uplink control channel used for transmitting receipt
acknowledgement is established in advance, and a CCE and a
resource for the physical uplink control channel having the
same number are related to each other. The mobile station
device uses the resource of physical uplink control channel
having the number corresponding to the CCE having the
smallest number among CCEs used for the physical downlink
control channel, from which control information addressed to
the mobile station device itself is detected, to transmit the
receipt acknowledgement for the data of the physical down-
link shared channel, resource allocation of which is indicated
by the physical downlink control channel. Similar to the
mobile station device, the base station device recognizes the
corresponding relation between the CCE numbers and the
numbers of resources for the physical uplink control channel
used for transmitting receipt acknowledgement, and it allo-
cates CCEs used for the physical downlink control channel in
consideration of resources allocated to the physical uplink
control channel of the mobile station device. Specifically,
based on the CCE used for the physical downlink control
channel from which control information addressed to the
mobile station device itself is detected, the mobile station
device recognizes the resource for the physical uplink control
channel used for transmitting the receipt acknowledgement
allocated to the device itself.

In LTE-A using cell aggregation, a method of allocating
candidate resources for the physical uplink control channel
corresponding to the new transmission method has been stud-
ied, in connection with the receipt acknowledgement (Non-
Patent Literature 2). In the following, allocation of candidate
resources used for resource selection of the physical uplink
control channel, when receipt acknowledgement is transmit-
ted using ACK/NACK channel selection, which is under
review, will be described. Consider transmission of the physi-
cal downlink control channel in a primary cell. As in LTE,
resources of the physical uplink control channel having the
corresponding relation to the CCEs of physical downlink
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control channel are allocated to the mobile station device as
candidate resources in implicit manner. When the physical
downlink control channel is transmitted in a primary cell,
information related to resource allocation included in the
physical downlink control channel indicates the resources of
physical downlink shared channel of the primary cell or a
secondary cell.

If the physical downlink control channel is transmitted in a
secondary cell, different from LTE, aresource of the physical
uplink control channel is allocated to a mobile station device
as a candidate resource in an explicit manner using prescribed
signaling. As the prescribed signaling, a method of explicitly
allocating candidate resources of physical uplink control
channel using RRC (Radio Resource Control) signaling, and
a method of explicitly allocating candidate resources of
physical uplink control channel using control information of
the physical downlink control channel have been considered.

In the method of explicitly allocating the candidate
resources of physical uplink control channel using RRC sig-
naling, before starting data communication with cell aggre-
gation, candidate resources for the physical uplink control
channel are already allocated to the mobile station device.
When the mobile station device detects a physical downlink
control channel in a secondary cell, in other words, when it
recognizes transmission of the physical downlink control
channel in a secondary cell, it uses a resource of the physical
uplink control channel allocated in advance by RRC signal-
ing, as the candidate resource used for selecting a physical
uplink control channel for implicitly indicating the informa-
tion of receipt acknowledgement.

In the method in which candidate resources of physical
uplink control channel are explicitly allocated using control
information of the physical downlink control channel, upon
detection of the physical downlink control channel in a sec-
ondary cell, a mobile station device uses a resource of the
physical uplink control channel indicated by the control infor-
mation of the physical downlink control channel detected in
the secondary cell, as the candidate resource used for selec-
tion of the physical uplink control channel for implicitly
indicating the information of receipt acknowledgement. In
the method in which candidate resources of the physical
uplink control channel are explicitly allocated using the con-
trol information of physical downlink control channel, a plu-
rality of potential candidate resources for the physical uplink
control channel are allocated in advance to the mobile station
device by RRC signaling, and using the control information
of physical downlink control channel, one of the plurality of
potential candidate resources set by the RRC signaling is
indicated.

As to the control information indicating the candidate
resources for the physical uplink control channel included in
the physical downlink control channel, control information
generally used for other purposes may be utilized. Here, the
control information is utilized such that in a first situation, a
control information field is interpreted as a first piece of
control information, in a second situation, the control infor-
mation field is interpreted as a second piece of control infor-
mation, the first situation is different from the second situa-
tion, and the first piece of control information is different
from the second piece of control information. By way of
example, if the physical downlink control channel is trans-
mitted in a primary cell, a control information field may be
interpreted as a piece of information indicating a transmit
power control value of a physical uplink control channel. If
the physical downlink control channel is transmitted in a
secondary cell, the control information field mentioned above
may be interpreted as a piece of control information indicat-
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ing candidate resources used for selecting a physical uplink
control channel, selected for implicitly indicating the infor-
mation of receipt acknowledgement.

In LTE-A, for transmitting receipt acknowledgement, lin-
ear control of transmit power in accordance with the number
of transport blocks received by a plurality of physical down-
link shared channels has been considered.

Further, in LTE-A, application of time domain bundling to
ACK/NACK channel selection has been considered (Non-
Patent Literature 3). In TDD (Time Division Duplex), a
mobile station device transmits, using a single uplink sub-
frame, a receipt acknowledgement for the data of a plurality
of downlink subframes received using a physical downlink
shared cannel. Here, execution of a logical multiplication by
the mobile station device on a plurality of receipt acknowl-
edgements for the data received in a plurality of subframes is
referred to as “time domain bundling.” ACK/NACK bundling
refers to a process executed by a mobile station device, of
performing a logical multiplication on a plurality of receipt
acknowledgements and thereby generating a piece of infor-
mation having smaller number of bits (for example, 1 bit) than
the information before execution of the multiplication. By
way of example, if the plurality of receipt acknowledgements
are all positive, the mobile station device generates one posi-
tive acknowledgement as a result of logical multiplication,
and transmits it to the base station device. If one negative
acknowledgement is included among the plurality of receipt
acknowledgements, the mobile station device generates a
negative acknowledgement as a result of logical multiplica-
tion, and transmits it to the base station device.

The mobile station device transmits the receipt acknowl-
edgement as a result of logical multiplication of the receipt
acknowledgements for the data of a plurality of downlink
subframes to the base station device through the physical
uplink control channel. Using cell aggregation, the mobile
station device applies time domain bundling for the receipt
acknowledgements for data of a plurality of subframes of
each cell, selects a resource for the physical uplink control
channel used for transmitting a signal in accordance with the
information of a plurality of receipt acknowledgements of a
plurality of cells on which logical multiplication has been
executed, and using the selected resource, transmits a modu-
lated signal.

The mobile station device determines candidate resources
used for resource selection for the physical uplink control
channel, based on the physical downlink control channel
detected in the subframe to which data is allocated most
recently, in each cell.

For a cell to which candidate resources are implicitly allo-
cated, resources corresponding to the CCE used for the physi-
cal downlink control channel corresponding to the data
detected in the subframe to which the data has been allocated
most recently in the cell, is determined by the mobile station
device to be the candidate resources, and the thus determined
resources are used for the resource selection process for the
physical uplink control channel.

For a cell to which candidate resources are explicitly allo-
cated, resources indicated by the control information of the
physical downlink control channel corresponding to the data
detected in the subframe to which the data has been allocated
most recently in the cell, are determined by the mobile station
device to be the candidate resources, and the thus determined
resources are used for the resource selection process for the
physical uplink control channel. Alternatively, for a cell to
which candidate resources are explicitly allocated, resources
allocated in advance by RRC signaling to the physical down-
link control channel corresponding to the data detected in the
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subframe to which the data has been allocated most recently
in the cell, are determined by the mobile station device to be
the candidate resources, and the thus determined resources
are used for the resource selection process for the physical
uplink control channel.

Further, in LTE-A, application of spatial bundling to ACK/
NACK channel selection has been considered. In LTE-A, it
has been proposed that a base station device applies MIMO
(Multi-Input Multi-Output) spatial multiplexing, so that a
plurality of data are subjected to spatial multiplexing using
one physical downlink shared channel, and signals containing
a plurality of spatially-multiplexed data are transmitted to a
mobile station device. The mobile station device transmits
receipt acknowledgements for the plurality of spatially-mul-
tiplexed data on the physical downlink shared channel,
through the uplink. Here, execution of the logical multiplica-
tion on the plurality of receipt acknowledgements for the data
received through one same physical downlink shared channel
by the mobile station device is referred to as “spatial bun-
dling.” The mobile station device transmits the receipt
acknowledgement as a result of logical multiplication to the
base station device through the physical uplink control chan-
nel.

CITATION LIST
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NPL 1: 3GPP TSG RANI1 #62, Madrid, Spain, 23-27 Aug.
2010, R1-105016 “PUCCH A/N formats for Rel-10”

NPL 2: 3GPP TSG RANI1 #62, Madrid Spain, 23-27 Aug.
2010, R1-105040 “Way Forward on PUCCH Resource
Allocation”

NPL 3: 3GPP TSG RAN1 #63, Jacksonville USA, 15-19 Nov.
2010, R1-106487 “WF on TDD Ack/Nack in Rel-10”

SUMMARY OF INVENTION
Technical Problem

As in an environment where ACK/NACK channel selec-
tion only is applied, in an environment where time domain
bundling, spatial bundling is applied to ACK/NACK channel
selection, it is necessary to realize appropriate quality for
transmitting/receiving receipt acknowledgement. If the qual-
ity appropriate for the receipt acknowledgement is not real-
ized, the base station device cannot properly obtain the
acknowledgement information. If the base station device
erroneously determines an acknowledgement which is actu-
ally a positive acknowledgement to be a negative acknowl-
edgement, unnecessary re-transmission through physical
downlink shared channel results, lowering efficiency of the
communication system. [fthe base station device erroneously
determines an acknowledgement which is actually a negative
acknowledgement to be a positive acknowledgement,
re-transmission becomes necessary in an upper layer, and
appropriate reception of data by the mobile station device
delays. Thus, satisfactory data communication cannot be
realized.

As in an environment where ACK/NACK channel selec-
tion only is applied, in an environment where time domain
bundling and/or spatial bundling is applied to ACK/NACK
channel selection, if transmit power is linearly controlled in
accordance with the number of received transport blocks,
unnecessarily high transmit power may possibly be used,
causing increased interference. Thus, efficiency of the com-
munication system possibly decreases.
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The present invention was made in view of the foregoing,
and its object is to provide a mobile station device, a commu-
nication system, a communication method and an integrated
circuit enabling, in a communication system including a plu-
rality of mobile station devices and a base station device,
appropriate acquisition of information by the base station
device from the uplink signals transmitted from the mobile
station devices, by controlling transmit power for uplink sig-
nals.

Solution to Problem

(1) According to an embodiment, the present invention
provides a mobile station device set to communicate with a
base station device over a plurality of subframes using a
plurality of cells. Where ACK/NACK for reception of data
transmitted from the base station device is to be transmitted to
the base station device using a PUCCH and the PUCCH is set
to select one resource from a plurality of PUCCH candidate
resources to transmit with prescribed transmit power using
the selected resource, the mobile station device determines a
parameter value related to the prescribed transmit power, in
accordance with the number of cells used for communicating
the data over the plurality of subframes.

(2) The mobile station device described above executes a
logical operation on ACKs/NACKs for data of the plurality of
subframes, and transmits ACK/NACK information resulting
from the execution of the logical operation using the selected
resource.

(3) According to another embodiment, the present inven-
tion provides a communication system including a base sta-
tion device and a mobile station device set to communicate
with the base station device over a plurality of subframes
using a plurality of cells. The base station device receives a
signal transmitted from the mobile station device. Where
ACK/NACK for reception of data transmitted from the base
station device is to be transmitted to the base station device
using a PUCCH and the PUCCH is set to select one resource
from a plurality of PUCCH candidate resources to transmit
with prescribed transmit power using the selected resource,
the mobile station device determines a parameter value
related to the prescribed transmit power in accordance with
the number of cells used for communicating the data over the
plurality of subframes.

(4) In the communication system described above, the
mobile station device executes a logical operation on ACKs/
NACKs for data of the plurality of subframes, and transmits
ACK/NACK information resulting from the execution of the
logical operation using the selected resource.

(5) According to a still further embodiment, the present
invention provides a communication method for a mobile
station device set to communicate with a base station device
over a plurality of subframes using a plurality of cells. The
communication method includes, where ACK/NACK for
reception of data transmitted from the base station device is to
be transmitted to the base station device using a PUCCH and
the PUCCH is set to select one resource from a plurality of
PUCCH candidate resources to transmit with prescribed
transmit power using the selected resource, the step of deter-
mining a parameter value related to the prescribed transmit
power in accordance with the number of cells used for com-
municating the data over the plurality of subframes.

(6) In the communication method described above, the
mobile station device executes a logical operation on ACKs/
NACKs for data of the plurality of subframes, and transmits
ACK/NACK information resulting from the execution of the
logical operation using the selected resource.



US 9,031,045 B2

9

(7) According to a still further embodiment, the present
invention provides an integrated circuit mounted on a mobile
station device set to communicate with a base station device
over a plurality of subframes using a plurality of cells, to
cause the mobile station device to perform a plurality of
functions. Where ACK/NACK for reception of data transmit-
ted from the base station device is to be transmitted to the base
station device using a PUCCH and the PUCCH s set to select
one resource from a plurality of PUCCH candidate resources
to transmit with prescribed transmit power using the selected
resource, the integrated circuit causes the mobile station
device to perform a series of functions including a function of
determining a parameter value related to the prescribed trans-
mit power in accordance with the number of cells used for
communicating the data over the plurality of subframes.

(8) The mobile station device having the above-described
integrated circuit mounted thereon executes a logical opera-
tion on ACKs/NACKSs for data of the plurality of subframes,
and transmits ACK/NACK information resulting from the
execution of the logical operation using the selected resource.

(9) According to a still further embodiment, the present
invention provides a mobile station device transmitting a
signal to a base station device. The device includes: a first
receipt acknowledgement generating unit for generating first
receipt acknowledgements for downlink data received from
the base station device in a plurality of frequency domains
and in a plurality of time domains; a second receipt acknowl-
edgement generating unit for generating a second receipt
acknowledgement by executing a logical operation on a plu-
rality of first receipt acknowledgements; a resource selecting
unit for selecting a resource on which a signal indicative of
contents of the second receipt acknowledgement is placed,
based on a plurality of second receipt acknowledgements; and
atransmitting unit for transmitting the signal indicative of the
contents of the second receipt acknowledgement using the
resource selected by the resource selecting unit, while con-
trolling transmit power in accordance with the number of
candidate resources used for resource selection by the
resource selecting unit.

As described above, the mobile station device sets the
parameter value related to the transmit power in accordance
with the number of candidate resources used for selecting a
resource for ACK/NACK channel selection. Using the set
parameter value, the mobile station device controls transmit
power of PUCCH used for transmitting the signal generated
from the contents of a plurality of second receipt acknowl-
edgements, and transmits the PUCCH. Thus, use of unneces-
sarily high transmit power can be avoided and, hence,
increased interference can be avoided. The base station
device can obtain the information of a plurality of second
receipt acknowledgements with appropriate reception char-
acteristic, from the received PUCCH.

(10) In the mobile station device described above, the
second receipt acknowledgement generating unit executes a
logical operation on a plurality of first receipt acknowledge-
ments for a plurality of downlink data of the same frequency
domain and of a plurality of time domains.

As described above, where ACK/NACK channel selection
and time domain bundling are executed, the mobile station
device sets the parameter value related to the transmit power
in accordance with the number of candidate resources used
for selecting the resource for ACK/NACK channel selection.
Using the set parameter value, the mobile station device con-
trols transmit power of PUCCH used for transmitting a signal
generated from the contents of a plurality of second receipt
acknowledgements, and transmits the PUCCH. Thus, use of
unnecessarily high transmit power can be avoided and, hence,
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increased interference can be avoided. The base station
device can obtain the information of a plurality of second
receipt acknowledgements with appropriate reception char-
acteristic, from the received PUCCH.

(11) In the mobile station device described above, the
second receipt acknowledgement generating unit executes a
logical operation on a plurality of first receipt acknowledge-
ments for a plurality of downlink data of the same frequency
domain and of the same time domain.

As described above, where ACK/NACK channel selection
and spatial bundling are executed, the mobile station device
sets the parameter value related to the transmit power in
accordance with the number of candidate resources used for
selecting the resource for ACK/NACK channel selection.
Using the set parameter value, the mobile station device con-
trols transmit power of PUCCH used for transmitting a signal
generated from the contents of a plurality of second receipt
acknowledgements, and transmits the PUCCH. Thus, use of
unnecessarily high transmit power can be avoided and, hence,
increased interference can be avoided. The base station
device can obtain the information of a plurality of second
receipt acknowledgements with appropriate reception char-
acteristic, from the received PUCCH.

(12) According to a still further embodiment, the present
invention provides a mobile station device adapted to transmit
a signal to a base station device. The mobile station device
includes: a first receipt acknowledgement generating unit for
generating first receipt acknowledgements for downlink data
received from the base station device in a plurality of fre-
quency domains and in a plurality of time domains; a second
receipt acknowledgement generating unit for generating a
second receipt acknowledgement by executing a logical
operation on a plurality of first receipt acknowledgements for
a plurality of downlink data of same frequency domain and
same time domain; a resource selecting unit for selecting a
resource on which a signal indicative of contents of the sec-
ond receipt acknowledgement is placed, based on a plurality
of'second receipt acknowledgements; and a transmitting unit
for transmitting the signal indicative of the contents of the
second receipt acknowledgement using the resource selected
by the resource selecting unit, while controlling transmit
power in accordance with the number of second receipt
acknowledgements.

As described above, where ACK/NACK channel selection
and time domain bundling are executed, the mobile station
device sets the parameter value related to the transmit power
in accordance with the number of second receipt acknowl-
edgements generated in a plurality of component carriers
(cells). Using the set parameter value, the mobile station
device controls transmit power of PUCCH used for transmit-
ting a signal generated from the contents of a plurality of
second receipt acknowledgements, and transmits the
PUCCH. Thus, use of unnecessarily high transmit power can
be avoided and, hence, increased interference can be avoided.
The base station device can obtain information with appro-
priate reception characteristic, from the received uplink sig-
nals.

(13) According to a still further embodiment, the present
invention provides a communication system including a plu-
rality of mobile station devices and a base station device
communicating with the plurality of mobile station devices.
In the communication system, the base station device
includes a receiving unit for receiving signals transmitted
from the mobile station devices. The mobile station device
includes: a first receipt acknowledgement generating unit for
generating first receipt acknowledgements for downlink data
received from the base station device in a plurality of fre-
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quency domains and in a plurality of time domains; a second
receipt acknowledgement generating unit for generating a
second receipt acknowledgement by executing a logical
operation on a plurality of first receipt acknowledgements; a
resource selecting unit for selecting a resource on which a
signal indicative of contents of the second receipt acknowl-
edgement is placed, based on a plurality of second receipt
acknowledgements; and a transmitting unit for transmitting a
signal indicative of the contents of the second receipt
acknowledgement using the resource selected by the resource
selecting unit, while controlling transmit power in accor-
dance with the number of candidate resources used for
resource selection by the resource selecting unit.

As described above, the mobile station device sets the
parameter value related to the transmit power in accordance
with the number of candidate resources used for selecting the
resource of ACK/NACK channel selection. Using the set
parameter value, the mobile station device controls transmit
power of PUCCH used for transmitting a signal generated
from the contents of a plurality of second receipt acknowl-
edgements, and transmits the PUCCH. Thus, use of unneces-
sarily high transmit power can be avoided and, hence,
increased interference can be avoided. The base station
device can obtain the information of a plurality of second
receipt acknowledgements with appropriate reception char-
acteristic, from the received PUCCH.

(14) According to a still further embodiment, the present
invention provides a communication system including a plu-
rality of mobile station devices and a base station device
communicating with the plurality of mobile station devices.
In the communication system, the base station device
includes a receiving unit for receiving signals transmitted
from the mobile station devices. The mobile station device
includes: a first receipt acknowledgement generating unit for
generating first receipt acknowledgements for downlink data
received from the base station device in a plurality of fre-
quency domains and in a plurality of time domains; a second
receipt acknowledgement generating unit for generating a
second receipt acknowledgement by executing a logical
operation on a plurality of first receipt acknowledgements for
a plurality of downlink data of same frequency domain and
same time domain; a resource selecting unit for selecting a
resource on which a signal indicative of contents of the sec-
ond receipt acknowledgement is placed, based on a plurality
of'second receipt acknowledgements; a parameter setting unit
for setting a parameter value related to transmit power in
accordance with the number of second receipt acknowledge-
ments; and a transmitting unit for transmitting a signal indica-
tive of the contents of the second receipt acknowledgement
using the resource selected by the resource selecting unit,
while controlling transmit power for transmitting the signal
indicative of the contents of the second receipt acknowledge-
ment in accordance with the parameter value set by the
parameter setting unit.

As described above, where ACK/NACK channel selection
and time domain bundling are executed, the mobile station
device sets a parameter value related to the transmit power in
accordance with the number of second receipt acknowledge-
ments generated in a plurality of component carriers (cells).
Using the set parameter value, the mobile station device con-
trols transmit power of PUCCH used for transmitting a signal
generated from the contents of a plurality of second receipt
acknowledgements, and transmits the PUCCH. Thus, use of
unnecessarily high transmit power can be avoided and, hence,
increased interference can be avoided. The base station
device can obtain information with appropriate reception
characteristic, from the received uplink signals.
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(15) According to a still further embodiment, the present
invention provides a communication method used for a
mobile station device transmitting signals to a base station.
The communication method includes the steps of: generating
first receipt acknowledgements for downlink data received
from the base station device in a plurality of frequency
domains and in a plurality of time domains; generating a
second receipt acknowledgement by executing a logical
operation on a plurality of first receipt acknowledgements;
selecting a resource on which a signal indicative of contents
of'the second receipt acknowledgement is placed, based on a
plurality of second receipt acknowledgements; and transmit-
ting the signal indicative of the contents of the second receipt
acknowledgement using the selected resource, while control-
ling the transmit power in accordance with the number of
resources used for resource selection.

As described above, the mobile station device sets the
parameter value related to the transmit power in accordance
with the number of candidate resources used for selecting the
resource of ACK/NACK channel selection. Using the set
parameter value, the mobile station device controls transmit
power of PUCCH used for transmitting a signal generated
from the contents of a plurality of second receipt acknowl-
edgements, and transmits the PUCCH. Thus, use of unneces-
sarily high transmit power can be avoided and, hence,
increased interference can be avoided. The base station
device can obtain the information of a plurality of second
receipt acknowledgements with appropriate reception char-
acteristic, from the received PUCCH.

(16) According to a still further embodiment, the present
invention provides a communication method used for a
mobile station device transmitting signals to a base station.
The communication method includes the steps of: generating
first receipt acknowledgements for downlink data received
from the base station device in a plurality of frequency
domains and in a plurality of time domains; generating a
second receipt acknowledgement by executing a logical
operation on a plurality of first receipt acknowledgements for
a plurality of downlink data of same frequency domain and
same time domain; selecting a resource on which a signal
indicative of contents of the second receipt acknowledgement
is placed, based on a plurality of second receipt acknowledge-
ments; and transmitting the signal indicative of the contents
of the second receipt acknowledgement using the selected
resource, while controlling transmit power in accordance
with the number of generated second receipt acknowledge-
ments.

As described above, where ACK/NACK channel selection
and time domain bundling are executed, the mobile station
device sets a parameter value related to the transmit power in
accordance with the number of second receipt acknowledge-
ments generated in a plurality of component carriers (cells).
Using the set parameter value, the mobile station device con-
trols transmit power of PUCCH used for transmitting a signal
generated from the contents of a plurality of second receipt
acknowledgements, and transmits the PUCCH. Thus, use of
unnecessarily high transmit power can be avoided and, hence,
increased interference can be avoided. The base station
device can obtain information with appropriate reception
characteristic, from the received uplink signals.

(17) According to a still further embodiment, the present
invention provides an integrating circuit mounted on a mobile
station device to cause the mobile station device to perform a
plurality of functions. The integrated circuit causes the
mobile station device to perform a series of functions, includ-
ing: a function of generating first receipt acknowledgements
indicating positive or negative acknowledgement to downlink
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data received from the base station device in a plurality of
frequency domains and in a plurality of time domains; a
function of generating a second receipt acknowledgement by
executing a logical operation on a plurality of first receipt
acknowledgements; a function of selecting a resource on
which a signal indicative of contents of the second receipt
acknowledgement is placed, based on a plurality of second
receipt acknowledgements; and a function of transmitting the
signal indicative of the contents of the second receipt
acknowledgement using the selected resource, while control-
ling transmit power in accordance with the number of candi-
date resources used for resource selection.

As described above, the mobile station device sets the
parameter value related to the transmit power in accordance
with the number of candidate resources used for selecting the
resource of ACK/NACK channel selection. Using the set
parameter value, the mobile station device controls transmit
power of PUCCH used for transmitting a signal generated
from the contents of a plurality of second receipt acknowl-
edgements, and transmits the PUCCH. Thus, use of unneces-
sarily high transmit power can be avoided and, hence,
increased interference can be avoided. The base station
device can obtain the information of a plurality of second
receipt acknowledgements with appropriate reception char-
acteristic, from the received PUCCH.

(18) According to a still further embodiment, the present
invention provides an integrating circuit mounted on a mobile
station device to cause the mobile station device to perform a
plurality of functions. The integrated circuit causes the
mobile station device to perform a series of functions includ-
ing: a function of generating first receipt acknowledgements
for downlink data received from the base station device in a
plurality of frequency domains and in a plurality of time
domains; a function of generating a second receipt acknowl-
edgement by executing a logical operation on a plurality of
first receipt acknowledgements for a plurality of downlink
data of same frequency domain and same time domain; a
function of selecting a resource on which a signal indicative
of contents of the second receipt acknowledgement is placed,
based on a plurality of second receipt acknowledgements; and
a function of transmitting the signal indicative of the contents
of the second receipt acknowledgement using the selected
resource, while controlling transmit power in accordance
with the number of generated second receipt acknowledge-
ments.

As described above, where ACK/NACK channel selection
and time domain bundling are executed, the mobile station
device sets a parameter value related to the transmit power in
accordance with the number of second receipt acknowledge-
ments generated in a plurality of component carriers (cells).
Using the set parameter value, the mobile station device con-
trols transmit power of PUCCH used for transmitting a signal
generated from the contents of a plurality of second receipt
acknowledgements, and transmits the PUCCH. Thus, use of
unnecessarily high transmit power can be avoided and, hence,
increased interference can be avoided. The base station
device can obtain information with appropriate reception
characteristic, from the received uplink signals.

Advantageous Effects of Invention

According to the present invention, the base station device
can appropriately obtain information from uplink signals
transmitted from the mobile station devices.

BRIEF DESCRIPTION OF DRAWINGS

FIG.11s aschematic illustration showing an overall picture
of'the communication system in accordance with an embodi-
ment of the present invention.
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FIG. 2 shows a schematic configuration of downlink time
frame from a base station device to a mobile station device, in
accordance with an embodiment of the present invention.

FIG. 3 shows a schematic configuration of uplink time
frame from a mobile station device to a base station device, in
accordance with an embodiment of the present invention.

FIG. 4 shows an example of a radio frame configuration in
the communication system in accordance with an embodi-
ment of the preset invention.

FIG. 5 illustrates logical relation between PDCCH and
CCEs of the communication system in accordance with an
embodiment of the present invention.

FIG. 6 shows an example of resource element group
arrangement in a downlink subframe of the communication
system in accordance with an embodiment of the present
invention.

FIG. 7 shows numbers and configuration of PUCCH
resources for ACK/NACK in the communication system in
accordance with an embodiment of the present invention.

FIG. 8 shows a relation between each of the ACK/NACK
information, resources selected by ACK/NACK channel
selection and QPSK signal points in the system in accordance
with an embodiment of the present invention.

FIG. 9 shows a relation between each of the ACK/NACK
information, resources selected by ACK/NACK channel
selection and QPSK signal points in the system in accordance
with an embodiment of the present invention.

FIG. 10 shows a relation between each of the ACK/NACK
information, resources selected by ACK/NACK channel
selection and QPSK signal points in the system in accordance
with an embodiment of the present invention.

FIG. 11 is a schematic block diagram showing a configu-
ration of a base station device in accordance with an embodi-
ment of the present invention.

FIG. 12 is a schematic block diagram showing a configu-
ration of a transmission processing unit of the base station
device in accordance with an embodiment of the present
invention.

FIG. 13 is a schematic block diagram showing a configu-
ration of a reception processing unit of the base station device
in accordance with an embodiment of the present invention.

FIG. 14 is a schematic block diagram showing a configu-
ration of a mobile station device in accordance with an
embodiment of the present invention.

FIG. 15 is a schematic block diagram showing a configu-
ration of a reception processing unit of the mobile station
device in accordance with an embodiment of the present
invention.

FIG. 16 is a schematic block diagram showing a configu-
ration of a transmission processing unit of the mobile station
device in accordance with an embodiment of the present
invention.

FIG. 17 shows a corresponding relation between the num-
ber of candidate resources or the number of second receipt
acknowledgements and a parameter value related to transmit
power, used in the mobile station device in accordance with
an embodiment of the present invention.

FIG. 18 is a flowchart representing an example of a process
related to setting of a parameter value related to transmit
power of the mobile station device in accordance with an
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

Inthe following, embodiments of the present invention will
be described in detail with reference to the figures. First,
referring to FIGS. 1 to 10, the overall picture of the commu-
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nication system in accordance with an embodiment and con-
figuration of a radio frame will be described. Next, referring
to FIGS. 11 to 16, configuration of the communication system
in accordance with the present embodiment will be described.
Then, referring to FIGS. 17 and 18, operations and processes
of the communication system in accordance with the present
embodiment will be described.

<Overall Picture of the Communication System>

FIG.11s aschematic illustration showing an overall picture
of'the communication system in accordance with an embodi-
ment of the present invention. In communication system 1
shown in FIG. 1, a base station device (eNodeB; NodeB) 3
communicates with a plurality of mobile station devices (UE:
User Equipment) 5A, 5B and 5C. Further, FIG. 1 shows that
downlink (hereinafter also denoted as “DL”) as a communi-
cation direction from base station device 3 to mobile station
devices 5A, 5B and 5C includes a downlink pilot channel, a
physical downlink control channel (hereinafter also denoted
as “PDCCH?”) and a physical downlink shared channel (here-
inafter also denoted as “PDSCH”). Further, FIG. 1 shows that
an uplink (hereinafter also denoted as “UL”) as a communi-
cation direction from mobile station devices 5A, 5B and 5C to
base station device 3 includes a physical uplink shared chan-
nel (hereinafter also denoted as “PUSCH”), an uplink pilot
channel, and a physical uplink control channel (hereinafter
also denoted as “PUCCH?”).

A channel means a medium used for transmitting a signal.
A channel used in a physical layer is referred to as a “physical
channel”, and a channel used in a media access layer (Media
Access Control: MAC) is referred to as a “logical channel.”
PDSCH is a physical channel used for transmitting/receiving
downlink data and control information. PDCCH is a physical
channel used for transmitting/receiving downlink control
information. PUSCH is a physical channel used for transmit-
ting/receiving uplink data and control information. PUCCH
is a physical channel used for transmitting/receiving uplink
control information (UCI).

UCI includes various types of information, including
receipt acknowledgement (ACK/NACK) indicating a posi-
tive acknowledgement (ACK) or a negative acknowledge-
ment (NACK) for downlink data of PDSCH, and a scheduling
request (SR) indicating whether resource allocation is
requested or not.

Other types of physical channels include a synchronization
channel (SCH) used for establishing downlink synchroniza-
tion, a physical random access channel (PRACH) used for
establishing uplink synchronization, and a physical broadcast
channel (PBCH) used for transmitting downlink system
information. PDSCH is also used for transmitting downlink
system information. Mobile station devices 5A, 5B and 5C
and/or base station device 3 places and transmits signals
generated from control information, data and the like on these
physical channels. The data transmitted through the physical
downlink shared channel or physical uplink shared channel
will be referred to as “transport block.” Further, an area gov-
erned by base station device 3 will be referred to as a “cell.” In
the following, mobile station devices 5A, 5B and 5C will be
generally referred to as a mobile station device 5.

<Carrier Aggregation/Cell Aggregation>

In the communication system in accordance with an
embodiment of the present invention, a plurality of frequency
bands of a predetermined frequency bandwidth are used for
communication (hereinafter referred to as “spectrum aggre-
gation,” “carrier aggregation” or “frequency aggregation”).
Here, one frequency band is referred to as a “component
carrier (CC).” More specifically, in the communication using
carrier aggregation, downlink physical channel is transmit-

20

25

30

35

40

45

50

55

60

65

16

ted/received in each downlink CC (hereinafter also referred to
as “downlink component carrier” or “DL CC”), and uplink
physical channel is transmitted/received in each uplink CC
(hereinafter also referred to as an “uplink component carrier”
or “UL CC”). Specifically, in the communication system in
accordance with the present embodiment using carrier aggre-
gation, base station device 3 and a plurality of mobile station
devices 5 simultaneously transmit/receive signals through a
plurality of physical channels using CCs, both in the uplink
and downlink.

The base station device communicates using any one fre-
quency band in one cell. Carrier aggregation realizes com-
munication using a plurality of frequency bands among a
plurality of cells, and it is also referred to as “cell aggrega-
tion.” In cell aggregation, one cell is defined as a primary cell
(Pcell), and other cells are defined as secondary cells (Scell).
The primary and secondary cells are set independently for
each mobile station device. The primary cell is always con-
figured with a set (combination) of one downlink component
carrier and one uplink component carrier. The secondary cell
is configured with at least one downlink component carrier,
and it may or may not include an uplink component carrier.
For simplicity of description, in the present embodiment,
description will be given assuming that one secondary sell
includes a set of one downlink component carrier and one
uplink component carrier.

The component carrier used in the primary cell is referred
to as a “primary component carrier (PCC)”” A component
carrier used in a secondary cell is referred to as a “secondary
component carrier (SCC).” In the primary and secondary
cells, data communication using PDSCH and PUSCH is
executed commonly, while various other processes are
executed independently.

Briefly stated, a plurality of processes are executed only in
the primary cell, and not in the secondary cell. By way of
example, in the primary cell, acquisition of system informa-
tion (system information block, hereinafter also referred to as
“SIB”) and determination of unsatisfactory radio quality
(RLF: Radio Link Failure) are done on the downlink, and
execution of random access using PRACH, transmission/
reception of UCI using PUCCH and the like are done on the
uplink.

<Downlink Time Frame Configuration>

FIG. 2 shows a schematic configuration of downlink time
frame from base station device 3 to mobile station device 5, in
accordance with an embodiment of the present invention. In
FIG. 2, the abscissa represents time domain, and the ordinate
represents frequency domain. The downlink time frame
defines units for resource allocation and the like, and it con-
sists of pairs of resource blocks (RB) (or physical resource
blocks; also referred to as “PRB”) (the pair is also referred to
as PRB pair). One pair of downlink physical resource blocks
(hereinafter referred to as “downlink physical resource block
pair”) consists of two physical resource blocks (hereinafter
referred to as “downlink physical resource blocks™) continu-
ous in the downlink time domain.

Referring to FIG. 2, one downlink physical resource block
consists of twelve sub-carriers (hereinafter referred to as
“downlink sub-carriers”) in the downlink frequency domain
and seven OFDM (Orthogonal Frequency Division Multi-
plexing) symbols in the time domain. System bandwidth of
the downlink (hereinafter referred to as “downlink system
bandwidth”) is the downlink communication bandwidth of
base station device 3. System bandwidth of the downlink
(hereinafter referred to as “downlink system bandwidth™)
consists of bandwidths of a plurality of downlink component
carriers (hereinafter referred to as “downlink component car-
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rier bandwidth”) of the downlink. In communication system
1, the component carrier of downlink (hereinafter referred to
as “downlink component carrier”) (DL CC) is a band of
predetermined frequency bandwidth. The downlink compo-
nent carrier bandwidth represents the frequency bandwidth of
the downlink component carrier. By way of example, down-
link system bandwidth having the frequency bandwidth of 40
MHz consists of two downlink component carriers each hav-
ing frequency band of 20 MHz.

In the downlink component carrier, a plurality of downlink
physical resource blocks are arranged, in accordance with the
downlink component carrier bandwidth. By way of example,
a downlink component carrier having the frequency band-
width of 20 MHz consists of 100 downlink physical resource
blocks. Further, the downlink component carrier bandwidth
represents the frequency bandwidth that can be used by
mobile station device 5 supporting LTE, and the downlink
system bandwidth represents the frequency bandwidth that
can be used by mobile station device 5 supporting LTE-A.
Mobile station device 5 supporting LTE is only capable of
communication in one cell at a time, while mobile station
device 5 supporting LTE-A is capable of communication in a
plurality of cells at one time. The downlink component carrier
bandwidth represents downlink frequency bandwidth of one
cell. The downlink system bandwidth is a collection of the
downlink frequency bandwidths of a plurality of cells.

In the time domain shown in FIG. 2, seven OFDM symbols
form a slot (hereinafter referred to as a “downlink slot”), and
two downlink slots form a subframe 10, (hereinafter referred
to as a “downlink subframe”). A unit consisting of one down-
link sub-carrier and one OFDM symbol is simply referred to
as a “resource element (RE)” or a “downlink resource ele-
ment.”

Each downlink subframe includes at least a PDSCH used
for transmitting information data (hereinafter referred to as
“transport block™) and a PDCCH used for transmitting con-
trol information. In FIG. 2, PDCCH corresponds to the first to
third OFDM symbols of the downlink subframe, and PDSCH
corresponds to the fourth to fourteenth OFDM symbols of the
downlink subframe. The number of symbols forming
PDCCH and/or the number of symbols forming PDSCH may
be changed for each downlink subframe.

Though not shown in FIG. 2, adownlink pilot channel used
for transmitting a reference signal (RS) for the downlink
(hereinafter referred to as “downlink reference signal,” “cell
specific RS” or “DL RS”) is arranged dispersed among a
plurality of downlink resource elements. Here, the downlink
reference signal is a signal known in communication system
1, used for estimating propagation path fluctuation of PDSCH
and PDCCH. The number of downlink resource elements
forming the downlink reference signal depends on the num-
ber of transmission antennas of base station device 3 used for
communication with mobile station device 5.

One PDSCH consists of at least one downlink physical
resource block in one downlink component carrier, and one
PDCCH consists of a plurality of downlink resource elements
in one downlink component carrier. A plurality of PDSCHs
and a plurality of PDCCHs are arranged in the downlink
system bandwidth.

For one mobile station device 5 supporting LTE, base sta-
tion device 3 can place one PDSCH and one PDCCH includ-
ing control information related to resource allocation of
PDSCH in one downlink component carrier, in one downlink
subframe. For one mobile station device 5 supporting LTE-A,
base station device 3 can place a plurality of PDSCHs and a
plurality of PDCCHs including control information related to
resource allocation of PDSCH in one downlink subframe. For
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one mobile station device 5 supporting LTE-A, base station
device 3 can place a plurality of PDCCHs including control
information related to resource allocation of the plurality of
PDSCHs in one downlink component carrier, while it cannot
place a plurality of PDSCHs in one downlink component
carrier. Base station device 3 can place different PDSCHs in
different downlink component carriers.

PDCCH has signals placed thereon, which signals are gen-
erated from control information such as a piece of informa-
tion representing allocation of downlink physical resource
blocks for PDSCH, a piece of information representing allo-
cation of uplink physical resource blocks for PUSCH, radio
network temporary identifier (hereinafter referred to as
RNTI), modulation method, code rate, re-transmission
parameter, multi-antenna related information, transmit power
control command (TPC command) and a piece of information
representing PUCCH resources.

The control information included in PDCCH is referred to
as “downlink control information” or “DCI”” DCI including a
piece of information representing allocation of downlink
physical resource blocks for PDSCH is referred to as “down-
link assignment,” “DL assignment” or “downlink grant.” DCI
including a piece of information representing allocation of
uplink physical resource blocks for PUSCH is referred to as
“uplink grant” or “UL grant.”

The downlink assignment includes a transmit power con-
trol command for PUCCH. The uplink assignment includes a
transmit power control command for PUSCH. One PDCCH
only includes a piece of information representing resource
allocation of one PDSCH in one downlink component carrier
or a piece of information representing resource allocation of
one PUSCH in one uplink component carrier, and it does not
include any information representing resource allocation of a
plurality of PDSCHs or resource allocation of a plurality of
PUSCHs.

<Uplink Time Frame Configuration>

FIG. 3 shows a schematic configuration of uplink time
frame from mobile station device 5 to base station device 3 in
accordance with an embodiment of the present invention. In
FIG. 3, the abscissa represents time domain, and the ordinate
represents frequency domain. The uplink time frame defines
units for resource allocation and the like, and it consists of
pairs of physical resource blocks (hereinafter referred to as
“uplink physical resource block pair”), each of a predeter-
mined width of frequency band and time slot. One pair of
uplink physical resource blocks consists of two physical
resource blocks (hereinafter referred to as “uplink physical
resource blocks”) continuous in the uplink time domain.

In FIG. 3, one uplink physical resource block consists of
twelve sub-carriers (hereinafter referred to as “uplink sub-
carriers”) in the uplink frequency domain and seven SC-
FDMA (Single-Carrier Frequency Division Multiple Access)
symbols in the time domain. System bandwidth of the uplink
(hereinafter referred to as “uplink system bandwidth”) is the
uplink communication bandwidth of base station device 3.
System bandwidth of the uplink (hereinafter referred to as
“uplink system bandwidth”) consists of bandwidths of a plu-
rality of uplink component carriers (hereinafter referred to as
“uplink component carrier bandwidth”) of the uplink. In com-
munication system 1, the component carrier of uplink (here-
inafter referred to as “uplink component carrier”) (UL CC) is
a band of predetermined frequency bandwidth. The uplink
component carrier bandwidth represents the frequency band-
width of the uplink component carrier. By way of example,
uplink system bandwidth having the frequency bandwidth of
40 MHz consists of two uplink component carriers each hav-
ing frequency band of 20 MHz.
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In the uplink component carrier, a plurality of uplink physi-
cal resource blocks are arranged, in accordance with the
uplink component carrier bandwidth. By way of example, an
uplink component carrier having the frequency bandwidth of
20 MHz consists of 100 uplink physical resource blocks.
Further, the uplink component carrier bandwidth represents
the frequency bandwidth that can be used by mobile station
device 5 supporting LTE, and the uplink system bandwidth
represents the frequency bandwidth that can be used by
mobile station device 5 supporting LTE-A. Mobile station
device 5 supporting LTE is only capable of communication in
one cell at a time, while mobile station device 5 supporting
LTE-A is capable of communication in a plurality of cells at
onetime. The uplink component carrier bandwidth represents
uplink frequency bandwidth of one cell. The uplink system
bandwidth is a collection of the uplink frequency bandwidths
of a plurality of cells.

In the time domain shown in FIG. 3, seven SC-FDMA
symbols form a slot (hereinafter referred to as an “uplink
slot”), and two uplink slots form a subframe (hereinafter
referred to as an “uplink subframe”). A unit consisting of one
uplink sub-carrier and one SC-FDMA symbol is simply
referred to as a “resource element” or an “uplink resource
element.”

Each uplink subframe includes at least a PUSCH used for
transmitting information data, and a PUCCH used for trans-
mitting uplink control information (UCI). PUCCH is used for
transmitting UCI (ACK/NACK) indicating acknowledge-
ment (ACK) or negative acknowledgement (NACK) for the
data received through PDSCH, UCI indicating at least
whether uplink resource allocation is to be requested (SR:
scheduling request), and UCI indicating downlink reception
quality (hereinafter also referred to as channel quality) (CQI:
channel quality indicator). Further, PUCCH is used for trans-
mitting ACK/NACK when cell aggregation is not used, or
ACK/NACK when cell aggregation is used. If cell aggrega-
tion is used, ACK/NACK channel selection is used as a
method of transmission. Further, in that case, time domain
bundling, spatial bundling is used with ACK/NACK channel
selection.

When mobile station device 5 is to notify base station
device 3 that uplink resource allocation is requested, mobile
station device 5 transmits a signal using PUCCH for SR
transmission. From the fact that a signal is detected on the
PUCCH resource for SR transmission, base station device 3
recognizes that mobile station device 5 is requesting uplink
resource allocation. When mobile station device 5 is to notify
base station device 3 that uplink resource allocation is not
requested, mobile station device 5 does not transmit any
signal using PUCCH resource for SR transmission. From the
fact that no signal is detected on the PUCCH resource for SR
transmission, base station device 3 recognizes that mobile
station device 5 is not requesting uplink resource allocation.

In PUCCH, signal configurations of different types are
used when UCI of ACK/NACK is transmitted, when UCI of
SR is transmitted and when UCI of CQI is transmitted.

PUCCH used for transmitting ACK/NACK has “PUCCH
format 1a” or “PUCCH format 1b.”

In PUCCH format 1a, BPSK (Binary Phase Shift Keying)
is used as a modulation method for modulating information
related to ACK/NACK. In PUCCH format 1a, information of
1 bit is explicitly indicated from a modulated signal.

In PUCCH format 1b, QPSK (Quadrature Phase Shift Key-
ing) is used as a modulation method for modulating informa-
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tion related to ACK/NACK. In PUCCH format 1b, informa-
tion of 2 bits is explicitly indicated from the modulated signal.
In ACK/NACK channel selection, PUCCH format 1b is used.

PUCCH used for transmitting SR has “PUCCH format 1.”
PUCCH used for transmitting CQI has “PUCCH format 2.”
PUCCH used for simultaneously transmitting CQI and ACK/
NACK has “PUCCH format 2a” or “PUCCH format 2b.” In
PUCCH format 2b, a reference signal of uplink pilot channel
is multiplied by a modulated signal generated from the ACK/
NACK information. In PUCCH format 2a, 1-bit information
related to ACK/NACK and CQI information are transmitted.
In PUCCH format 2b, 2-bit information related to ACK/
NACK and CQI information are transmitted.

One PUSCH consists of at least one uplink physical
resource block in one uplink component carrier, and one
PUCCH consists of two uplink physical resource blocks posi-
tioned on different uplink slots and in a symmetrical relation
with respect to frequency domain in one uplink component
carrier. For example, in FIG. 3, in an uplink subframe of an
uplink component carrier having the lowest frequency, an
uplink physical resource block of lowest frequency in the first
uplink slot and an uplink physical resource block of highest
frequency in the second uplink slot form a pair of uplink
physical resource blocks used for PUCCH.

Inuplink system band, at least one PUSCH and at least one
PUCCH are placed. Mobile station device 5 supporting LTE
can place and transmit PUCCH and PUSCH resources on one
uplink component carrier. Base station device 3 can allocate
different PUCCH resources for different ACKS/NACK, SR
or CQI, to mobile station device 5 supporting LTE. Mobile
station device 5 supporting LIE uses only one PUCCH
resource on one uplink subframe. Further, if PUCCH
resource and PUSCH resource are allocated to one uplink
subframe, mobile station device 5 supporting LTE transmits
signals using only the PUSCH resource.

Base station device 3 can allocate one PUSCH resource for
each uplink component carrier for one mobile station device
5 supporting LTE-A. If PUSCH resources are allocated to a
plurality of uplink component carriers of one uplink sub-
frame, mobile station device 5 supporting LTE-A can trans-
mit signals using the plurality of PUSCH resources. Base
station device 3 cannot allocate a plurality of PUSCH
resources in one uplink component carrier of one uplink
subframe. Base station device 3 can allocate different
PUSCH resources to different uplink component carriers.

Base station device 3 can allocate one or more PUCCH
resources to one uplink component carrier for one mobile
station device 5 supporting LTE-A. If a plurality of PUCCH
resources are allocated to one uplink subframe, mobile station
device 5 supporting LTE-A transmits a signal using any one
ofthe PUCCH resources. In such a case, which of the PUCCH
resources is selected by mobile station device 5 is determined
in accordance with a predetermined rule.

The uplink component carrier to which PUCCH resource is
allocated is the uplink primary component carrier, which
corresponds to the primary cell. Further, if mobile station
device 5 supporting LTE-A is set not to execute simultaneous
transmission of PUSCH and PUCCH and PUCCH resource
and PUSCH resource are allocated to one uplink subframe,
signal transmission is done using only the PUSCH resource.
If mobile station device 5 supporting LTE-A is set to execute
simultaneous transmission of PUSCH and PUCCH and
PUCCH resource and PUSCH resource are allocated to one
uplink subframe, basically, signal transmission can be done
using both the PUCCH and PUSCH resources.

The uplink pilot channel is placed on different SC-FDMA
symbol, depending on whether the uplink pilot channel is
placed in the same uplink physical resource block as PUSCH
or placed in the same uplink physical resource block as
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PUCCH. The uplink pilot channel is used for transmitting an
uplink reference signal (UL RS). Here, the uplink reference
signal is a signal known in communication system 1, used for
estimating fluctuation of PUSCH and PUCCH propagation
paths.

If the uplink pilot channel is placed in the same uplink
physical resource block as PUSCH, it is placed on the fourth
SC-FDMA symbol in the uplink slot. If the uplink pilot chan-
nel is placed in the same uplink physical resource block as
PUCCH including ACK/NACK, it is placed on the third,
fourth and fifth SC-FDMA symbols in the uplink slot. If the
uplink pilot channel is placed in the same uplink physical
resource block as PUCCH including SR, it is placed on the
third, fourth and fifth SC-FDMA symbols in the uplink slot. If
the uplink pilot channel is placed in the same uplink physical
resource block as PUCCH including CQ], it is placed on the
second and sixth SC-FDMA symbols in the uplink slot.

Though FIG. 3 shows an example in which PUCCH is
placed on the uplink physical resource block on the edge of
each uplink component carrier, PUCCH may be placed on the
second or third uplink physical resource block from the edge
of the uplink component carrier.

In PUCCH, code multiplexing in frequency domain and/or
time domain is utilized. In code multiplexing in the frequency
domain, each code of a code sequence is multiplied by a
modulated signal modulated from uplink control information
on a sub-carrier by sub-carrier basis. In code multiplexing in
the time domain, each code of a code sequence is multiplied
by a modulated signal modulated from uplink control infor-
mation on a SC-FDMA symbol-by-symbol basis. A plurality
of PUCCHs are placed on one uplink physical resource block.
Different code is allocated to different PUCCH, and by the
allocated codes, code multiplexing is realized in the fre-
quency domain and/or time domain.

In PUCCH used for transmitting ACK/NACK (PUCCH
format la, PUCCH format 1b), code multiplexing in the
frequency and time domains is used. In PUCCH used for
transmitting SR (PUCCH format 1), code multiplexing in the
frequency and time domains is used. In PUCCH used for
transmitting CQI (PUCCH format 2), code multiplexing in
the frequency domain is used. For simplicity of description,
details of code multiplexing of PUCCH will not be given
here.

In communication system 1 in accordance with the present
embodiment, by way of example, OFDM is applied to the
downlink, and NxDFT-Spread OFDM is applied to the
uplink. Here, NxDFT-Spread OFDM refers to a method of
signal transmission/reception in which DFT-Spread OFDM
is applied on each uplink component carrier as a unit. In the
uplink subframe of communication system 1 using a plurality
of'uplink component carriers, communication is done using a
plurality of processing units related to DFT-Spread OFDM
transmission/reception.

In the time domain, a PDSCH resource is placed on the
same downlink subframe as the downlink subframe on which
a PDCCH resource including a downlink assignment used for
allocating the PDSCH resource is arranged. Further, in the
frequency domain, the PDSCH resource is placed on the same
downlink component carrier as the PDCCH including the
downlink assignment used for allocating the PDSCH
resource, or on a different downlink component carrier.

DCl includes a piece of information (hereinafter referred to
as “carrier indicator”) indicating which downlink component
carrier is carrying the PDSCH that corresponds to the down-
link assignment, and/or which uplink component carrier is
carrying the PUSCH that corresponds to the uplink grant.
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If the downlink assignment does not include the carrier
indicator, the downlink assignment corresponds to the
PDSCH of the same downlink component carrier as the
downlink component carrier on which the downlink assign-
ment has been transmitted. If the uplink grant does not
include the carrier indicator, the uplink grant corresponds to
the PUSCH of that uplink component carrier which has a
corresponding relation established in advance to the down-
link component carrier on which the uplink grant has been
transmitted. Information representing the corresponding rela-
tion between the downlink component carrier and the uplink
component carrier used for interpreting resource allocation
for uplink grant if the DCI does not include the carrier indi-
cator is notified by system information from base station
device 3 to mobile station device 5 before communication of
information data.

<Radio Frame Configuration>

In the present embodiment, one radio frame consists of ten
subframes including at least one downlink subframe, at least
one uplink subframe and at least one special subframe.

The special subframe includes three areas, that is, DwPTS
(Downlink Pilot Time Slot), GP (Guard Period) and UpPTS
(Uplink Pilot Time Slot). DWPTS, GP and UpPTS are sub-
jected to time-multiplexing. DwWPTS represents an area used
for transmission of signals and downlink physical channels
such as PDCCH and PDSCH. UpPTS is an area used for
transmission of sounding reference signal (SRS) and/or
PRACH. UpPTS is not used for transmission of PUCCH and
PUSCH. SRS is an uplink reference signal used by base
station device 3 to estimate uplink channel quality of mobile
station device 5, and it is transmitted by the last SC-FDMA
symbol of the special subframe or the uplink subframe. GP is
a period for mobile station device 5 and base station device 3
to switch between uplink transmission/reception and down-
link transmission/reception. The number of downlink sub-
frames, uplink subframes and special subframes forming one
radio frame as well as the arrangement of these in the radio
frame are set by base station device 3. Information indicating
the set configuration of radio frame is notified to mobile
station device 5.

FIG. 4 shows an example of the radio frame configuration
in the communication system in accordance with an embodi-
ment of the preset invention. For simplicity of description,
radio frame configuration in one cell will be described. When
cell aggregation is applied, the radio frame configuration is
the same among a plurality of cells used for cell aggregation.
In FIG. 4, the abscissa represents frequency domain and the
ordinate represents time domain. In FIG. 4, a white block
represents a downlink subframe, a diagonally hatched block
represents an uplink subframe, and a dotted block represents
a special subframe. The number allotted to each subframe (#i)
indicates the subframe number in the radio frame.

Referring to FIG. 4, mobile station device 5 executes time
domain bundling on a plurality of ACKs/NACKs (first receipt
acknowledgements) for the downlink data received by
PDSCH of subframes #8, #9, #0 and #1 (subframes sur-
rounded by tick dotted lines in FIG. 4), and transmits a cor-
responding second receipt acknowledgement using PUCCH
of subframe #7, which is six subframes behind subframe #1.
Details of the first and second receipt acknowledgements will
be described later. Mobile communication device 5 executes
time domain bundling on a plurality of ACKs/NACKs (first
receipt acknowledgements) to the downlink data received by
PDSCH of subframes #3 to #6 (subframes surrounded by tick
solid lines in FIG. 4), and transmits a corresponding second
receipt acknowledgement using PUCCH of subframe #2,
which is six subframes behind subframe #6.
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As described above, mobile station device 5 set to execute
time domain bundling recognizes, based on the radio frame
configuration, the downlink subframes on which common
time domain bundling is to be executed and an uplink sub-
frame for transmitting the corresponding second receipt
acknowledgement.

In this manner, the mobile station device set to utilize cell
aggregation communicates with the base station device over a
plurality of subframes using a plurality of cells.

<Cross-CC Scheduling>

A PDCCH and a PDSCH including a downlink assignment
corresponding to the PDCCH can be placed on different
downlink component carriers (in the following, this process
will be referred to as “cross CC scheduling”). The downlink
component carrier on which the PDSCH is placed is referred
to as “physical downlink shared channel component carrier
(PDSCH CC).” The downlink component carrier on which
the PDCCH is placed is referred to as “physical downlink
control channel component carrier (PDCCH CC).” It is pos-
sible that every downlink component carrier used for cell
aggregation has PDSCH placed thereon. In that case, every
downlink component carrier is PDSCH CC.

The downlink component carrier on which PDCCH is
placed, the uplink component carrier on which the uplink
grant corresponding to the PDCCH is placed, and the down-
link component carrier having a corresponding relation estab-
lished by the system information may be set differently from
each other. Base station device 3 sends notification of system
information related to each downlink component carrier to
mobile station device 5. The system information includes a
piece of information indicating an uplink component carrier
having the corresponding relation to the downlink component
carrier. The system information including the piece of infor-
mation representing the corresponding relation is referred to
as “SIB2 (System Information Block Type 2),” and the cor-
responding relation between the downlink component carrier
and the uplink component carrier indicated by SIB2 is
referred to as “SIB2 linkage.” The uplink component carrier
on which PUSCH is placed is referred to as “physical uplink
shared channel component carrier (PUSCH CC).”

Base station device 3 determines which of the plurality of
downlink component carriers used for cell aggregation is to
be used as the PDCCH CC. Next, base station device 3 deter-
mines between which PDCCH CC and which PDSCH CC
and/or PUSCH CC a corresponding relation is to be estab-
lished.

That a corresponding relation is established between
PDCCH CC and PDSCH CC means that a PDCCH including
control information related to PDSCH resource allocation
placed on the PDSCH CC is placed on the PDCCH CC
corresponding to the PDSCH CC. More specifically, that a
corresponding relation is established between PDCCH CC
and PDSCH CC means that a PDCCH including a downlink
assignment corresponding to the PDSCH placed on the
PDSCH CC and forming the carrier indicator is placed on the
PDCCH CC corresponding to the PDSCH CC.

That a corresponding relation is established between
PDCCH CC and PUSCH CC means that the PDCCH includ-
ing control information related to PUSCH resource allocation
placed on PUSCH CC is placed on the PDCCH CC corre-
sponding to the PUSCH CC. More specifically, that a corre-
sponding relation is established between PDCCH CC and
PUSCH CC means that the PDCCH including an uplink grant
corresponding to the PUSCH placed on the PUSCH CC and
forming the carrier indicator is placed on the PDCCH CC
corresponding to the PUSCH CC.
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Here, the process of “establishing a corresponding rela-
tion” is different from the process of relating a downlink
component carrier and an uplink component carrier of the
PDCCH not including the carrier indicator as described
above. A corresponding relation may be established between
each of a plurality of PDSCH CCs used for cell aggregation
and one same PDCCH CC, or between each of a plurality of
PDSCH CCs used for cell aggregation and different PDCCH
CCs. By way of example, assume that a corresponding rela-
tion is established between one PDCCH CC and a plurality of
PDSCH CCs. In that case, PDSCH resource allocation of
which PDSCH CC is represented by the PDCCH transmitted
through the PDCCH CC can be recognized by means of the
carrier indicator.

Base station device 3 notifies information indicating the
downlink component carrier having the corresponding rela-
tion established as the PDCCH CC to each PDSCH CC, to
mobile station device 5. The information is notified using
radio resource control (Radio Resource Control: RRC) sig-
naling. Based on the information given by RRC signaling
from base station device 3, mobile station device 5 recognizes
a downlink component carrier on which a PDCCH including
a downlink assignment with carrier indicator of PDSCH of
each PDSCH CC can possibly be placed.

A PDCCH including a downlink assignment for PDSCH
transmitted in a primary cell is transmitted only in the primary
cell, while a PDCCH including a downlink assignment for a
PDSCH transmitted in a secondary cell is transmitted in a
primary cell or a secondary cell. In other words, a primary cell
is always configured with a PDCCH CC and a PDSCH CC,
and the corresponding relation is established between the
PDCCH CC and the PDSCH CC configured in the primary
cell. Further, the corresponding relation is established
between a PUSCH CC in a primary cell and the PDCCH CC
of'the primary cell. The PDSCH CC and the PUSCH CC have
SIB2 linkage.

A secondary cell is configured with a PDSCH CC, while it
may or may not be configured witha PDCCH CC. A PDCCH
CC to have a corresponding relation established with a
PDSCH CC configured in a secondary cell may be provided
in a primary cell or in another secondary cell.

A cell provided with a PDCCH CC is always configured
with PDSCH CC and PUSCH CC, and in the same cell, the
corresponding relation is established between the PDCCH
CC and the PDSCH CC and between the PDCCH CC and
PUSCH CC. The RRC signaling is given by the PDSCH. The
PDCCH CC having a corresponding relation to the PDSCH
CC and the PUSCH CC in a primary cell are always config-
ured in the same primary cell and, therefore, information
representing the relation therebetween is not notified to
mobile station device 5. Further, if cross-CC scheduling is not
applied, information representing the corresponding relation
between the PDSCH CC and the PDCCH CC with each other
is not notified from base station device 3 to mobile station
device 5. If cross-CC scheduling is not applied, the downlink
assignment does not include a carrier indicator.

<PDCCH Configuration>

PDCCH consists of a plurality of control channel elements
(CCEs). The number of CCEs used by each downlink com-
ponent carrier depends on the downlink component carrier
bandwidth, the number of OFDM symbols forming the
PDCCH, and the number of downlink reference signals of the
downlink pilot channel that corresponds to the number of
transmission antennas used, of base station device 3. As will
be described later, a CCE consists of a plurality of downlink
resource elements.
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FIG. 5 illustrates logical relation between PDCCH and
CCEs of the communication system in accordance with an
embodiment of the present invention. CCEs used between
base station device 3 and mobile station device 5 have num-
bers allocated for identifying CCEs. Numbering of CCEs is
done based on a predetermined rule. Here, CCE trepresents a
CCE having the CCE number t. A PDCCH consists of an
aggregation of a plurality of CCEs (CCE aggregation). The
number of CCEs forming the aggregation will be referred to
as “CCE aggregation number.” The CCE aggregation number
forming the PDCCH is set in base station device 3 in accor-
dance with the code rate set for the PDCCH and/or the num-
ber of DCI bits included in the PDCCH.

An aggregation consisting of n CCEs will be hereinafter
referred to as “CCE aggregation n.” By way of example, base
station device 3 may form a PDCCH using one CCE (CCE
aggregation 1), a PDCCH using two CCEs (CCE aggregation
2), a PDCCH using four CCEs (CCE aggregation 4) or a
PDCCH using eight CCEs (CCE aggregation 8).

By way of example, base station device 3 uses a smaller
CCE aggregation number, that is, CCEs of smaller number,
for forming a PDCCH for a mobile station device 5 with good
channel quality, and uses a larger CCE aggregation number,
that is, CCEs of larger number, for forming a PDCCH for a
mobile station device 5 with poor channel quality. Further,
base station device 3 uses a smaller CCE aggregation number,
that is, CCEs of smaller number, for forming a PDCCH for
transmitting DCI of smaller bit number, and uses a larger
CCE aggregation number, that is, CCEs of larger number, for
transmitting DCI of larger bit number.

The plurality of downlink resource elements forming a
CCE are formed by a plurality of resource element groups
(REG: hereinafter also referred to as “mini-CCE”). A
resource element group consists of a plurality of downlink
resource elements. By way of example, one resource element
group consists of four downlink resource elements.

FIG. 6 shows an example of resource element group
arrangement in a downlink subframe of the communication
system in accordance with an embodiment of the present
invention. Here, an example is shown in which a PDCCH
consists of first to third OFDM symbols, and downlink refer-
ence signals corresponding to downlink pilot channels of two
transmission antennas (transmission antennas 1 and 2) are
arranged. InFIG. 6, the ordinate represents frequency domain
and the abscissa represents time domain.

In the example of the arrangement shown in FIG. 6, one
resource element group consists of four downlink resource
elements neighboring in the frequency domain. In FIG. 6,
downlink resource elements denoted by the same codes of
PDCCH belong to the same resource element groups.
Resource elements R1 (signals of downlink pilot channel for
transmission antenna 1) and R2 (signals of downlink pilot
channel of transmission antenna 2) are positioned apart from
each other by a prescribed distance in the frequency domain
and/or time domain, to form resource element groups.

FIG. 6 shows that, first, numbering starts from the first
OFDM symbol resource element group having the lowest
frequency (code “17), followed by second OFDM symbol
resource element group having the lowest frequency (code
“27), and further followed by third OFDM symbol resource
element group having the lowest frequency (code “3”).

FIG. 6 further shows that, numbering is done (code “4”) on
aresource element group not having any downlink pilot chan-
nel placed thereon and adjacent in frequency domain to the
resource element group having the numbering of second
OFDM symbols (code “2”), and then numbering is done
(code “5”) on a resource element group not having any down-
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link pilot channel placed thereon and adjacent in frequency
domain to the resource element group having the numbering
of third OFDM symbols (code “3”).

FIG. 6 further shows that, numbering is done (code “6”) on
aresource element group adjacent in frequency domain to the
resource element group having the numbering of first OFDM
symbols (code “17), next, numbering is done (code “7”) on a
resource element group adjacent in frequency domain to the
resource element group having the numbering of second
OFDM symbols (code “4”), and then numbering is done
(code “8”’) on a resource element group adjacent in frequency
domain to the resource element group having the numbering
of third OFDM symbols (code “5).

Similar numbering is done on the subsequent resource
element groups.

As shown in FIG. 6, a CCE consists of a plurality of
resource element groups. By way of example, one CCE con-
sists of nine different resource element groups dispersed in
the frequency domain and the time domain. Specifically, on
all the resource element groups numbered as shown in FIG. 6,
interleaving is done by the unit of resource element group
using a block interleaver, so that by nine resource element
groups continuous in number after interleaving, one CCE is
formed.

<Implicit Allocation of PUCCH Resources for ACK/
NACK and CCE>

Resources of PUCCH (PUCCH format 1a, PUCCH format
1b) used for transmitting ACK/NACK are implicitly allocated
based on the CCEs used for PDCCH. Where transmission of
ACK/NACK is set to be done using ACK/NACK channel
selection and a PDCCH is detected in a primary cell, candi-
date resources used for resource selection for PUCCH
(PUCCH format 1b) executed to indicate ACK/NACK infor-
mation implicitly are implicitly allocated to mobile station
device 5 based on the CCE used for the PDCCH. Such
resource allocation is referred to as “implicit resource alloca-
tion.” The “implicit resource allocation” means that informa-
tion dedicated for resource allocation is not used, and alloca-
tion of resources is done using pieces of information intended
for other purposes. On the other hand, “explicit resource
allocation” means that resources are allocated using informa-
tion dedicated only for resource allocation.

Next, establishing a corresponding relation between the
CCE and the PUCCH resources used for transmitting ACK/
NACK will be described. To all CCEs in the downlink com-
ponent carrier, identification numbers are allocated based on
apredetermined rule. To all PUCCH resources used for trans-
mitting ACK/NACK, identification numbers are allocated
based on a predetermined rule. By way of example, a corre-
spondence relation is established between a CCE and a
PUCCH resource having the same identification number.

FIG. 7 shows numbers and configuration of PUCCH
resources for ACK/NACK in the communication system in
accordance with an embodiment of the present invention.
FIG. 7 shows an example in which 24 PUCCH resources for
ACK/NACK are configured for each uplink subframe. Fur-
ther, FIG. 7 shows an example in which as the PUCCH
resources for ACK/NACK, two uplink physical resource
block pairs (PRB pairs; for example, PRB pair 1 or PRB pair
2), four code sequences in the frequency domain (codes in the
frequency domain; for example, Code 1, Code 2, Code 3 and
Code 4 in the frequency domain), and three code sequences in
the time domain (codes in the time domain; for example,
Code 1, Code 2 and Code 3 in the time domain) are used.

It is noted that the uplink physical resource block pairs,
code sequences in the frequency domain and code sequences
in the time domain different in number from the example
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shown in FIG. 7 may be used. PUCCH resources different in
number from that shown in FIG. 7 may be configured for the
uplink component carrier. The numbers of uplink physical
resource block pairs are numbers of uplink physical resource
block pairs used for PUCCH resources for ACK/NACK, and
they do not uniquely indicate the numbers of uplink physical
resource block pairs of the lowest frequency in the system
bandwidth of the uplink. Each PUCCH resource shown in
FIG. 7 consists of a combination of uplink physical resource
block pair, code sequence in the frequency domain and code
sequence in the time domain, and coded signals are in
orthogonal relation in the frequency domain, code area in the
frequency domain or the code area in the time domain.

A corresponding relation is established between the CCEs
shown in FIG. 5 and the PUCCH resources for ACK/NACK
shown in FIG. 7 in accordance with a predetermined rule. The
corresponding relation is established in advance between the
identification numbers of CCEs and identification numbers of
PUCCH resources for ACK/NACK, for example, and a CCE
and a PUCCH resource for ACK/NACK having the same
identification number have a corresponding relation to each
other. For instance, CCE1 corresponds to PUCCH 1, and
CCE2 corresponds to PUCCH 2.

Mobile station device 5 uses the PUCCH resource having
the number corresponding to the CCE having the smallest
number among the CCEs used for the PDCCH on which DCI
addressed to the device is detected, to transmit ACK/NACK
for the data of the PDSCH of which resource allocation has
been indicated by the PDCCH. By way of example, mobile
station device 5 places and transmits a modulated signal on
the PUCCH resource having the number corresponding to the
CCE of the smallest number among the CCEs used for the
PDCCH from which DCI addressed to the device itself is
detected. This operation is done by mobile station device 5 if
cell aggregation is not applied. Further, by way of example,
mobile station device 5 uses the PUCCH resource having the
number corresponding to the CCE of the smallest number
among the CCEs used for the PDCCH from which DCI
addressed to the device itself is detected for the PUCCH
resource selection executed to indicate the ACK/NACK infor-
mation implicitly, and places and transmits a modulated sig-
nal on the selected PUCCH resource. The operation is done
by mobile station device 5 when cell aggregation is applied
and ACK/NACK channel selection is used.

Base station device 3 recognizes the correspondence rela-
tion between the CCEs and the PUCCH resources for ACK/
NACK as does mobile station device 5, and it allocates a CCE
used for PDCCH in consideration of the PUCCH resources
for ACK/NACK allocated to mobile station device 5. Specifi-
cally, mobile station device 5 recognizes PUCCH resources
for ACK/NACK allocated to the device itself, based on the
CCE:s used for the PDCCH from which DCI addressed to the
device itself is detected.

Similar to the example of FIG. 7, PUCCH candidate
resources (including potential candidate resources) used for
explicit resource allocation are also formed of difterent com-
binations of uplink physical resource block pairs, code
sequences in the frequency domain and code sequences in the
time domain. The PUCCH candidate resources (including
potential candidate resources) used for explicit resource allo-
cation and the PUCCH candidate resources used for implicit
resource allocation are formed using different uplink physical
resource block pairs.

<ACK/NACK Transmission Method>

If cell aggregation is not used, mobile station device 5
transmits a signal obtained by modulating information indi-
cating ACK or NACK, using the PUCCH resource corre-
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sponding to the CCE used for the PDCCH from which DCI
addressed to the device itself is detected. In other words, if
cell aggregation is not used, mobile station device 5 transmits
PUCCH format 1a or PUCCH format 1b using the resource
allocated by the implicit resource allocation.

If cell aggregation is used and ACK/NACK channel selec-
tion is set, basically, mobile station device 5 selects one
resource from a plurality of PUCCH candidate resources to
transmit a signal obtained by modulating the ACK/NACK
information. In other words, if cell aggregation is used and
ACK/NACK channel selection is set, mobile station device 5
transmits PUCCH format 1b using the candidate resource
allocated by the implicit resource allocation and/or explicit
resource allocation.

In ACK/NACK channel selection, by mobile station device
5 selecting one resource from the plurality of PUCCH candi-
date resources, the ACK/NACK information is implicitly
indicated, and by mobile station device 5 sending the signal
modulated by the selected resource, the ACK/NACK infor-
mation is explicitly indicated. In ACK/NACK channel selec-
tion, mobile station device 5 utilizes the two different man-
ners of indicating information, to notify the information of
ACK/NACK to base station device 3.

The resource selection candidates used for implicitly indi-
cating the ACK/NACK information in ACK/NACK channel
selection are implicitly allocated and/or explicitly allocated.

When the PDCCH is detected only in a primary cell,
mobile station device 5 uses PUCCH resources implicitly
allocated based on the CCEs of each PDCCH as resource
selection candidates used for implicitly indicating ACK/
NACK information for ACK/NACK channel selection.

When the PDCCHs are detected in a primary cell and a
secondary cell, PUCCH resources implicitly allocated based
on the CCEs of at least one PDCCH in the primary cell and
PUCCH resources explicitly allocated by at least one
PDCCH in the secondary cell are used as resource selection
candidates used for implicitly indicating ACK/NACK infor-
mation for ACK/NACK channel selection. The PDCCH of a
secondary cell explicitly includes information indicating
PUCCH candidate resources. It is noted that by RRC signal-
ing, a plurality of potential PUCCH candidate resources are
allocated in advance to mobile station device 5, and using
information included in the PDCCH of a secondary cell, one
resource is indicated from the plurality of candidates of
PUCCH candidate resources set by the RRC signaling. It is
also possible to explicitly allocate PUCCH candidate
resources by RRC signaling, rather than to explicitly intro-
duce information indicating the PUCCH candidate resource
in the PDCCH of a secondary cell, and to use the PUCCH
candidate resources allocated explicitly in advance for the
resource selection process used for implicitly indicating the
ACK/NACK information in ACK/NACK channel selection,
when a PDCCH is detected in the secondary cell.

If PDCCHs are detected only in the secondary cell, mobile
station device 5 uses PUCCH candidate resources explicitly
allocated by at least one PDCCH of the secondary cell, for the
resource selection process used for implicitly indicating the
ACK/NACK channel selection. If only one PDCCH is
detected only in a secondary cell, mobile station device 5 does
not implicitly indicate the ACK/NACK information by
resource selection, and simply indicates the ACK/NACK
information explicitly, by transmitting a modulated signal by
the PUCCH resource indicated by the PDCCH.

Generally, as the control information indicating the
PUCCH candidate resources included in the PDCCH, a piece
of control information intended for other purpose may be
used. Here, the control information is utilized such that in a
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first situation, a control information field is interpreted as a
first piece of control information, in a second situation, the
control information field is interpreted as a second piece of
control information, the first situation is different from the
second situation, and the first piece of control information is
different from the second piece of control information. By
way of example, if a PDCCH is transmitted in a primary cell,
a control information field may be interpreted as a piece of
control information indicating transmit power control value
of'the PUCCH (TPC command). Ifthe PDCCH is transmitted
in a secondary cell, the afore-mentioned control information
field may be interpreted as a piece of control information
indicating PUCCH candidate resources used for implicitly
indicating the ACK/NACK information.

<Example of ACK/NACK Channel Selection>

Next, an example of ACK/NACK channel selection will be
described. For simplicity of description, an example in which
DTX (Discontinuous Transmission) information is indicated
by ACK/NACK channel selection is not given. The present
invention, however, is applicable even when DTX informa-
tion is indicated. DTX indicates that data is not received on a
PDSCH of acell. In other words, DTX indicates that a down-
link assignment corresponding to a PDSCH of a certain cell is
not detected. In the following, “ACK/NACK” represents
ACK or NACK. For simplicity of description, first, ACK/
NACK process for the data received by a plurality of cells in
a single downlink subframe, without time domain bundling
will be described. The ACK/NACK process for the data
received by a plurality of cells in a plurality of downlink
subframes with time domain bundling will be described later.

First, an example will be described in which two cells are
used for cell aggregation, and single data transmission takes
place in each cell. The single data transmission means that
signals of single data are transmitted without spatial multi-
plexing of a plurality of data by MIMO (Multi-input Multi-
output) using a plurality of antenna ports when transmitting
PDSCH. The signals of single data may be transmitted using
a single antenna port, may be diversity-transmitted without
spatial multiplexing using a plurality of antenna ports, or
transmitted with weight. Here, 2-bit information of ACK/
NACK is indicated by PUCCH. Four different pieces of infor-
mation represented by 2 bits are divided into two groups, each
group consisting of two pieces of information. As implicitly
indicated information, selection of two PUCCH resources
indicates to which group the piece of information belongs,
and a signal point of QPSK indicates which piece of infor-
mation in the group it is. Here, the signal point of QPSK is
represented by a complex number. Here, the antenna port
means a logical antenna used for signal processing, and one
antenna port may be consisted of a plurality of physical anten-
nas. Regarding a transmission antenna, a plurality of trans-
mission antennas forming one antenna port transmit the same
signal. Though it is possible to realize delay diversity or CDD
(Cyclic Delay Diversity) using a plurality of physical anten-
nas in one antenna port, other signal processing cannot be
used.

FIG. 8 shows a relation between each of the ACK/NACK
information, resources selected by ACK/NACK channel
selection and QPSK signal points in the system in accordance
with an embodiment of the present invention. In FIG. 8, 1st
ACK/NACK represents the ACK/NACK information for the
PDSCH of a primary cell and 2nd ACK/NACK represents the
ACK/NACK information for the PDSCH of a secondary cell.

In FIG. 8, Resource 1 is allocated based on the PDCCH
including a downlink assignment corresponding to the pri-
mary cell PDSCH, and Resource 2 is allocated based on the
PDCCH including a downlink assignment corresponding to

20

25

30

35

40

45

50

55

60

65

30

the secondary cell PDSCH. Resource 1 and Resource 2 are
candidate resources used for resource selection. The PDCCH
including the downlink assignment corresponding to the pri-
mary cell PDSCH is transmitted only from the primary cell
and, therefore, a resource allocated by implicit resource allo-
cation based on the CCE of PDCCH is used as Resource 1. If
the PDCCH including the downlink assignment correspond-
ing to the secondary cell PDSCH is transmitted in the primary
cell, a resource allocated by implicit resource allocation
based on the CCE of PDCCH is used as Resource 2. If the
PDCCH including the downlink assignment corresponding to
the secondary cell PDSCH is transmitted in the secondary
cell, aresource allocated by explicit resource allocation based
on the control information explicitly included in the PDCCH
is used as Resource 2.

As described above, we can say that the candidate
resources used for resource selection in ACK/NACK channel
selection have a corresponding relation to cells. Further, we
can say that the candidate resources used for resource selec-
tion in ACK/NACK channel selection have a corresponding
relation to PDSCH of the cell. Further, we can say that the
candidate resources used for resource selection in ACK/
NACK channel selection have a corresponding relation to the
data included in the PDSCH of the cell. Further, we can say
that the candidate resources used for resource selection in
ACK/NACK channel selection have a corresponding relation
to the PDCCH that corresponds to the PDSCH of the cell.

(1) When ACK is indicated for the primary cell PDSCH
and ACK is indicated for the secondary cell PDSCH, mobile
station device 5 selects Resource 2, and transmits a signal
generated from the QPSK at signal point “-1".

(2) When ACK is indicated for the primary cell PDSCH
and NACK is indicated for the secondary cell PDSCH,
mobile station device 5 selects Resource 1, and transmits a
signal generated from the QPSK at signal point “-1".

(3) When NACK is indicated for the primary cell PDSCH
and ACK is indicated for the secondary cell PDSCH, mobile
station device 5 selects Resource 2, and transmits a signal
generated from the QPSK at signal point “+1”.

(4) When NACK is indicated for the primary cell PDSCH
and NACK is indicated for the secondary cell PDSCH,
mobile station device 5 selects Resource 1, and transmits a
signal generated from the QPSK at signal point “+1”.

Next, an example will be described in which two cells are
used for cell aggregation, two data are transmitted by the
primary cell, and single data is transmitted by the secondary
cell. That the two data are transmitted means that spatial
multiplexing with MIMO is used for transmitting PDSCH,
and signals of two data sequences (transport blocks) are
simultaneously transmitted using a plurality of antenna ports.
Her e, 3-bit information of ACK/NACK is indicated by
PUCCH. Eight different pieces of information represented by
3 bits are divided into two groups, each group consisting of
four pieces of information. As implicitly indicated informa-
tion, selection of PUCCH resources indicates to which group
the piece of information belongs, and a signal point of QPSK
indicates which piece of information in the group it is. Here,
the signal point of QPSK is represented by a complex number.

FIG. 9 shows a relation between each of the ACK/NACK
information, resources selected by ACK/NACK channel
selection and QPSK signal points in the system in accordance
with an embodiment of the present invention. In FIG. 9, 1st
ACK/NACK represents the ACK/NACK information for the
first data sequence of the primary cell PDSCH, 2nd ACK/
NACK represents the ACK/NACK information for the sec-
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ond data sequence of the primary cell PDSCH, and 3rd ACK/
NACK represents the ACK/NACK information for the
secondary cell PDSCH.

In FIG. 9, Resource 1 and Resource 2 are allocated based
on the PDCCH including a downlink assignment correspond-
ing to the primary cell PDSCH, and Resource 3 is allocated
based on the PDCCH including a downlink assignment cor-
responding to the secondary cell PDSCH. The PDCCH
including the downlink assignment corresponding to the pri-
mary cell PDSCH is transmitted only from the primary cell
and, therefore, resources allocated by implicit resource allo-
cation based on the CCE of PDCCH are used as Resource 1
and Resource 2. If the PDCCH including the downlink
assignment corresponding to the secondary cell PDSCH is
transmitted in the primary cell, a resource allocated by
implicit resource allocation based on the CCE of PDCCH is
used as Resource 3. If the PDCCH including the downlink
assignment corresponding to the secondary cell PDSCH is
transmitted in the secondary cell, a resource allocated by
explicit resource allocation based on the control information
explicitly included in the PDCCH is used as Resource 3.

Here, for Resource 2, PUCCH resource having an identi-
fication number shifted by a prescribed value from the iden-
tification number of the PUCCH resource used for Resource
1 is used. By way of example, for Resource 1, the PUCCH
resource having the same identification number as the CCE of
smallest number is used, and for Resource 2, the PUCCH
resource having the identification number shifted by +1 from
the PUCCH resource used for Resource 1 is used.

(1) When ACK is indicated for the first data sequence of
primary cell PDSCH, ACK is indicated for the second data
sequence of primary cell PDSCH, and ACK is indicated for
the secondary cell PDSCH, mobile station device 5 selects
Resource 2, and transmits a signal generated from the QPSK
at signal point “-1”.

(2) When ACK is indicated for the first data sequence of
primary cell PDSCH, NACK is indicated for the second data
sequence of primary cell PDSCH, and ACK is indicated for
the secondary cell PDSCH, mobile station device 5 selects
Resource 2, and transmits a signal generated from the QPSK
at signal point “+j”.

(3) When NACK is indicated for the first data sequence of
primary cell PDSCH, ACK is indicated for the second data
sequence of primary cell PDSCH, and ACK is indicated for
the secondary cell PDSCH, mobile station device 5 selects
Resource 2, and transmits a signal generated from the QPSK
at signal point “—j”

(4) When NACK is indicated for the first data sequence of
primary cell PDSCH, NACK is indicated for the second data
sequence of primary cell PDSCH, and ACK is indicated for
the secondary cell PDSCH, mobile station device 5 selects
Resource 3, and transmits a signal generated from the QPSK
at signal point “-1”.

(5) When ACK is indicated for the first data sequence of
primary cell PDSCH, ACK is indicated for the second data
sequence of primary cell PDSCH, and NACK is indicated for
the secondary cell PDSCH, mobile station device 5 selects
Resource 1, and transmits a signal generated from the QPSK
at signal point “-1”.

(6) When ACK is indicated for the first data sequence of
primary cell PDSCH, NACK is indicated for the second data
sequence of primary cell PDSCH, and NACK is indicated for
the secondary cell PDSCH, mobile station device 5 selects
Resource 1, and transmits a signal generated from the QPSK
at signal point “+j”.

(7) When NACK is indicated for the first data sequence of
primary cell PDSCH, ACK is indicated for the second data
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sequence of primary cell PDSCH, and NACK is indicated for
the secondary cell PDSCH, mobile station device 5 selects
Resource 1, and transmits a signal generated from the QPSK
at signal point “—j”.

(8) When NACK is indicated for the first data sequence of
primary cell PDSCH, NACK is indicated for the second data
sequence of primary cell PDSCH, and NACK is indicated for
the secondary cell PDSCH, mobile station device 5 selects
Resource 3, and transmits a signal generated from the QPSK
at signal point “+1”.

If two cells are used for cell aggregation, single data is
transmitted in the primary cell and two data are transmitted in
the secondary cell, in FIG. 9, 1st ACK/NACK represents the
information of ACK/NACK for the first data sequence of
secondary cell PDSCH, 2nd ACK/NACK represents the
information of ACK/NACK for the second data sequence of
secondary cell PDSCH, 3rd ACK/NACK represents the infor-
mation of ACK/NACK for the primary cell PDSCH,
Resource 1 and Resource 2 are allocated based on the
PDCCH including the downlink assignment corresponding to
the secondary cell PDSCH, and Resource 3 is allocated based
on the PDCCH including the downlink assignment corre-
sponding to the primary cell PDSCH.

Next, an example will be described in which two cells are
used for cell aggregation, two data are transmitted in the
primary cell and two data are transmitted in the secondary
cell. Here, 4-bit information of ACK/NACK is indicated by
PUCCH. Sixteen different pieces of information represented
by 4 bits are divided into four groups, each group consisting
of four pieces of information. As implicitly indicated infor-
mation, selection of PUCCH resources indicates to which
group the piece of information belongs, and a signal point of
QPSK indicates which piece of information in the group it is.
Here, the signal point of QPSK is represented by a complex
number.

FIG. 10 shows a relation between each of the ACK/NACK
information, resources selected by ACK/NACK channel
selection and QPSK signal points in the system in accordance
with an embodiment of the present invention. In FIG. 10, 1st
ACK/NACK represents the ACK/NACK information for the
first data sequence of the primary cell PDSCH, 2nd ACK/
NACK represents the ACK/NACK information for the sec-
ond data sequence of the primary cell PDSCH, 3rd ACK/
NACK represents the ACK/NACK information for the first
data sequence of the secondary cell PDSCH, and 4th ACK/
NACK represents the ACK/NACK information for the sec-
ond data sequence of the secondary cell PDSCH.

Referring to FIG. 10, Resource 1 and Resource 2 are allo-
cated based on the PDCCH including a downlink assignment
corresponding to the primary cell PDSCH, and Resource 3
and Resource 4 are allocated based on the PDCCH including
a downlink assignment corresponding to the secondary cell
PDSCH. The PDCCH including the downlink assignment
corresponding to the primary cell PDSCH is transmitted only
in the primary cell and, therefore, resources allocated by
implicit resource allocation based on the CCE of PDCCH are
used as Resource 1 and Resource 2.

Here, for Resource 2, PUCCH resource having an identi-
fication number shifted by a prescribed value from the iden-
tification number of the PUCCH resource used for Resource
1 is used. By way of example, for Resource 1, the PUCCH
resource having the same identification number as the CCE of
smallest number is used, and for Resource 2, the PUCCH
resource having the identification number shifted by +1 from
the PUCCH resource used for Resource 1 is used.

If the PDCCH including the downlink assignment corre-
sponding to the secondary cell PDSCH is transmitted from
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the primary cell, resources allocated by implicit resource
allocation based on the CCE of PDCCH are used as Resource
3 and Resource 4. Here, for Resource 4, PUCCH resource
having an identification number shifted by a prescribed value
from the identification number of the PUCCH resource used
for Resource 3 is used. By way of example, for Resource 3,
the PUCCH resource having the same identification number
as the CCE of smallest number is used, and for Resource 4,
the PUCCH resource having the identification number shifted
by +1 from the PUCCH resource used for Resource 3 is used.

If the PDCCH including the downlink assignment corre-
sponding to the secondary cell PDSCH is transmitted from
the secondary cell, resources allocated by explicit resource
allocation based on the control information explicitly
included in the PDCCH are used as Resource 3 and Resource
4. Here, based on the control information explicitly included
in the PDCCH, the resource for Resource 3 is explicitly
indicated. For Resource 4, PUCCH resource having an iden-
tification number shifted by a prescribed value from the iden-
tification number of the PUCCH resource used for Resource
3 is used. By way of example, for Resource 4, the PUCCH
resource having the identification number shifted by +1 from
the PUCCH resource used for Resource 3 is used. Alterna-
tively, resource candidates for Resource 3 and Resource 4 are
respectively set in advance by RRC signaling, and by the
PDCCH, control information indicating the resources among
respective resource candidates is given. As the control infor-
mation indicating the resource from the resource candidates
for Resource 3 and the control information indicating the
resource from the resource candidates for Resource 4, one
common piece of control information may be included in the
PDCCH. If the PDCCH including the downlink assignment
corresponding to the secondary cell PDSCH is transmitted in
the secondary cell, resource may be allocated to Resource 2
also, by explicit resource allocation based on the control
information explicitly included in the PDCCH.

(1) When ACK is indicated for the first data sequence of
primary cell PDSCH, ACK is indicated for the second data
sequence of primary cell PDSCH, ACK is indicated for the
first data sequence of secondary cell PDSCH and ACK is
indicated for the second data sequence of secondary cell
PDSCH, mobile station device 5 selects Resource 2, and
transmits a signal generated from the QPSK at signal point
“-17.

(2) When ACK is indicated for the first data sequence of
primary cell PDSCH, NACK is indicated for the second data
sequence of primary cell PDSCH, ACK is indicated for the
first data sequence of secondary cell PDSCH and ACK is
indicated for the second data sequence of secondary cell
PDSCH, mobile station device 5 selects Resource 3, and
transmits a signal generated from the QPSK at signal point
“4H”.

(3) When NACK is indicated for the first data sequence of
primary cell PDSCH, ACK is indicated for the second data
sequence of primary cell PDSCH, ACK is indicated for the
first data sequence of secondary cell PDSCH and ACK is
indicated for the second data sequence of secondary cell
PDSCH, mobile station device 5 selects Resource 2, and
transmits a signal generated from the QPSK at signal point

(4) When NACK is indicated for the first data sequence of
primary cell PDSCH, NACK is indicated for the second data
sequence of primary cell PDSCH, ACK is indicated for the
first data sequence of secondary cell PDSCH and ACK is
indicated for the second data sequence of secondary cell
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PDSCH, mobile station device 5 selects Resource 4, and
transmits a signal generated from the QPSK at signal point
“47.

(5) When ACK is indicated for the first data sequence of
primary cell PDSCH, ACK is indicated for the second data
sequence of primary cell PDSCH, ACK is indicated for the
first data sequence of secondary cell PDSCH and NACK is
indicated for the second data sequence of secondary cell
PDSCH, mobile station device 5 selects Resource 2, and
transmits a signal generated from the QPSK at signal point
“H7

(6) When ACK is indicated for the first data sequence of
primary cell PDSCH, NACK is indicated for the second data
sequence of primary cell PDSCH, ACK is indicated for the
first data sequence of secondary cell PDSCH and NACK is
indicated for the second data sequence of secondary cell
PDSCH, mobile station device 5 selects Resource 3, and
transmits a signal generated from the QPSK at signal point
“+17.

(7) When NACK is indicated for the first data sequence of
primary cell PDSCH, ACK is indicated for the second data
sequence of primary cell PDSCH, ACK is indicated for the
first data sequence of secondary cell PDSCH and NACK is
indicated for the second data sequence of secondary cell
PDSCH, mobile station device 5 selects Resource 2, and
transmits a signal generated from the QPSK at signal point
“+17.

(8) When NACK is indicated for the first data sequence of
primary cell PDSCH, NACK is indicated for the second data
sequence of primary cell PDSCH, ACK is indicated for the
first data sequence of secondary cell PDSCH and NACK is
indicated for the second data sequence of secondary cell
PDSCH, mobile station device 5 selects Resource 4, and
transmits a signal generated from the QPSK at signal point
“H7

(9) When ACK is indicated for the first data sequence of
primary cell PDSCH, ACK is indicated for the second data
sequence of primary cell PDSCH, NACK is indicated for the
first data sequence of secondary cell PDSCH and ACK is
indicated for the second data sequence of secondary cell
PDSCH, mobile station device 5 selects Resource 3, and
transmits a signal generated from the QPSK at signal point
“-17.

(10) When ACK is indicated for the first data sequence of
primary cell PDSCH, NACK is indicated for the second data
sequence of primary cell PDSCH, NACK is indicated for the
first data sequence of secondary cell PDSCH and ACK is
indicated for the second data sequence of secondary cell
PDSCH, mobile station device 5 selects Resource 3, and
transmits a signal generated from the QPSK at signal point
“H7

(11) When NACK is indicated for the first data sequence of
primary cell PDSCH, ACK is indicated for the second data
sequence of primary cell PDSCH, NACK is indicated for the
first data sequence of secondary cell PDSCH and ACK is
indicated for the second data sequence of secondary cell
PDSCH, mobile station device 5 selects Resource 4, and
transmits a signal generated from the QPSK at signal point

(12) When NACK is indicated for the first data sequence of
primary cell PDSCH, NACK is indicated for the second data
sequence of primary cell PDSCH, NACK is indicated for the
first data sequence of secondary cell PDSCH and ACK is
indicated for the second data sequence of secondary cell
PDSCH, mobile station device 5 selects Resource 4, and
transmits a signal generated from the QPSK at signal point
“+17.
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(13) When ACK is indicated for the first data sequence of
primary cell PDSCH, ACK is indicated for the second data
sequence of primary cell PDSCH, NACK is indicated for the
first data sequence of secondary cell PDSCH and NACK is
indicated for the second data sequence of secondary cell
PDSCH, mobile station device 5 selects Resource 1, and
transmits a signal generated from the QPSK at signal point
“-17.

(14) When ACK is indicated for the first data sequence of
primary cell PDSCH, NACK is indicated for the second data
sequence of primary cell PDSCH, NACK is indicated for the
first data sequence of secondary cell PDSCH and NACK is
indicated for the second data sequence of secondary cell
PDSCH, mobile station device 5 selects Resource 1, and
transmits a signal generated from the QPSK at signal point
“H7

(15) When NACK is indicated for the first data sequence of
primary cell PDSCH, ACK is indicated for the second data
sequence of primary cell PDSCH, NACK is indicated for the
first data sequence of secondary cell PDSCH and NACK is
indicated for the second data sequence of secondary cell
PDSCH, mobile station device 5 selects Resource 1, and
transmits a signal generated from the QPSK at signal point

(16) When NACK is indicated for the first data sequence of
primary cell PDSCH, NACK is indicated for the second data
sequence of primary cell PDSCH, NACK is indicated for the
first data sequence of secondary cell PDSCH and NACK is
indicated for the second data sequence of secondary cell
PDSCH, mobile station device 5 selects Resource 1, and
transmits a signal generated from the QPSK at signal point
“+17.

Regarding the relations among ACK/NACK information,
resources selected for ACK/NACK channel selection and the
QPSK signal points, mobile station device 5 selects which
relation is to be applied, in accordance with the set cell aggre-
gation configuration and transmission mode. The cell aggre-
gation configuration includes setting of the number of cells
used for the cell aggregation as well as setting of primary and
secondary cells. The transmission mode refers to the setting
as to whether transmission of single data is to be executed or
basically transmission of two data is to be executed in each
cell. In other words, the transmission mode means the maxi-
mum number of data that can be transmitted in a certain
downlink subframe. Even if a transmission mode in which
transmission of two data is basically executed is set, some-
times a single data is transmitted or two data are transmitted
subframe by subframe of the downlink. If the transmission
mode in which transmission of single data is executed is set,
only a single data is transmitted in any of the downlink sub-
frames, and transmission of two data does not occur.

If no corresponding ACK/NACK information is detected,
that is, if the corresponding data is DTX, mobile station
device 5 sets the corresponding piece of ACK/NACK infor-
mation to NACK, and executes ACK/NACK channel selec-
tion. If the data to be transmitted to mobile station device 5 is
relatively small and/or if allocation of resources to other
mobile station device 5 is given priority, base station device 3
may execute data transmission using not all cells set for the
mobile station device 5 but using only some of the cells. In
such a case, mobile station device 5 does not detect PDCCHs
corresponding to the PDSCHs of some cells, and hence, it
cannot detect pieces of ACK/NACK information correspond-
ing to the PDSCHs of these cells. Even when base station
device 3 transmits PDCCHs, mobile station device 5 may not
be able to detect PDCCHs corresponding to PDSCHs of some
cells, if propagation path environment is poor because of
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interference or fading. In that case also, the mobile station
device cannot detect pieces of ACK/NACK information cor-
responding to the PDSCHs of these cells.

An example in which the relations among the ACK/NACK
information, resources selected for ACK/NACK channel
selection and QPSK signal points shown in FIG. 9 exist and
transmission of two data takes place in the primary cell and
transmission of single data takes place in the secondary cell
will be described. Assume that mobile station device 5
detected a PDCCH related to the PDSCH of the secondary
cell but not detected a PDCCH related to the PDSCH of the
primary cell. Then, mobile station device 5 executes ACK/
NACK channel selection, setting both 1st ACK/NACK and
2nd ACK/NACK to NACK. Actually, here, the resource
selection process is not executed and only Resource 3 is
selected.

An exceptional process when transmission of two data
takes place in the primary cell and transmission of single data
takes place in the secondary cell will be described. Here, to
the relations among the ACK/NACK information, resources
selected for ACK/NACK channel selection and QPSK signal
points shown in FIG. 9, a relation of the exceptional process
is added. By way of example, if a PDCCH corresponding to a
PDSCH of the primary cell is detected but no PDCCH corre-
sponding to the PDSCH of the secondary cell is detected by
mobile station device 5, and the ACK/NACK (1st ACK/
NACK) for the first data sequence of the primary cell PDSCH
and the ACK/NACK (2nd ACK/NACK) for the second data
sequence of the primary cell PDSCH are both NACK,
Resource 1 is selected and a signal generated from the QPSK
atsignal point “+1”is transmitted. Therefore, in this situation,
if no PDCCH corresponding to the secondary cell PDSCH is
detected and only the PDCCH corresponding to the primary
cell PDSCH is detected, actually, resource selection process
is not executed and only Resource 1 is selected.

An example in which the relations among the ACK/NACK
information, resources selected for ACK/NACK channel
selection and QPSK signal points shown in FIG. 9 exist and
transmission of two data takes place in the secondary cell and
transmission of single data takes place in the primary cell will
be described. Assume that mobile station device 5 detected a
PDCCH corresponding to the PDSCH of the primary cell but
not detected a PDCCH corresponding to the PDSCH of the
secondary cell. Then, mobile station device 5 executes ACK/
NACK channel selection, setting both 1st ACK/NACK and
2nd ACK/NACK to NACK. Actually, here, the resource
selection process is not executed and only Resource 3 is
selected.

An exceptional process when transmission of single data
takes place in the primary cell and transmission of two data
takes place in the secondary cell will be described. Here, to
the relations among the ACK/NACK information, resources
selected for ACK/NACK channel selection and QPSK signal
points shown in FIG. 9, a relation of the exceptional process
is added. By way of example, if a PDCCH corresponding to a
PDSCH of the secondary cell is detected but no PDCCH
corresponding to the PDSCH of the primary cell is detected
by mobile station device 5, and both the ACK/NACK (1st
ACK/NACK) for the first data sequence of the secondary cell
PDSCH and the ACK/NACK (2nd ACK/NACK) for the sec-
ond data sequence of the secondary cell PDSCH are NACK,
Resource 1 is selected and a signal generated from the QPSK
atsignal point “+1”is transmitted. Therefore, in this situation,
if no PDCCH corresponding to the primary cell PDSCH is
detected and only the PDCCH corresponding to the second-
ary cell PDSCH is detected, actually, the resource selection
process is not executed and only Resource 1 is selected.
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An example in which the relations among the ACK/NACK
information, resources selected for ACK/NACK channel
selection and QPSK signal points shown in FIG. 8 exist and
transmission of single data takes place in the primary cell and
transmission of single data takes place in the secondary cell
will be described. Assume that mobile station device 5
detected a PDCCH corresponding to the PDSCH of the pri-
mary cell but not detected a PDCCH corresponding to the
PDSCH of the secondary cell. Then, mobile station device 5
sets the 2nd ACK/NACK to NACK and performs ACK/
NACK channel selection. Here, actually, the resource selec-
tion process is not executed and only Resource 1 is selected.

An exceptional process when the relations among the
ACK/NACK information, resources selected for ACK/
NACK channel selection and QPSK signal points shown in
FIG. 8 exist will be described. Assume, for example that
mobile station device 5 detected a PDCCH corresponding to
the PDSCH of the secondary cell but not detected a PDCCH
corresponding to the PDSCH of the primary cell, and ACK/
NACK (2nd ACK/NACK) for the secondary cell PDSCH is
NACK. In this case, mobile station device 5 transmits no
signal. Therefore, in this situation, if no PDCCH correspond-
ing to the primary cell PDSCH is detected and only the
PDCCH corresponding to the secondary cell PDSCH is
detected, the resource that can possibly be selected is only
Resource 2.

An example in which the relations among the ACK/NACK
information, resources selected for ACK/NACK channel
selection and QPSK signal points shown in FIG. 10 exist and
transmission of two data takes place in the primary cell and
transmission of two data takes place in the secondary cell will
be described. Assume that mobile station device 5 detected a
PDCCH corresponding to the PDSCH of the primary cell but
not detected a PDCCH corresponding to the PDSCH of the
secondary cell. Then, mobile station device 5 executes ACK/
NACK channel selection, setting both 3rd ACK/NACK and
4th ACK/NACK to NACK. Actually, here, the resource selec-
tion process is not executed and only Resource 1 is selected.

An exceptional process when the relations among the
ACK/NACK information, resources selected for ACK/
NACK channel selection and QPSK signal points shown in
FIG. 10 exist will be described. Assume that mobile station
device 5 detected a PDCCH corresponding to the PDSCH of
the secondary cell but not detected a PDCCH corresponding
to the PDSCH of the primary cell, and the ACK/NACK (3rd
ACK/NACK) for the first data sequence of the secondary cell
PDSCH and the ACK/NACK (4th ACK/NACK) for the sec-
ond data sequence of the secondary cell PDSCH are both
NACK. Here, mobile station device 5 transmits no signal.
Therefore, in this situation, if no PDCCH corresponding to
the primary cell PDSCH is detected and only the PDCCH
corresponding to the secondary cell PDSCH is detected, the
resource that can possibly be selected is only Resource 4.

Time Domain Bundling>

Next, time domain bundling of ACK/NACK will be
described. When time domain bundling is set, mobile station
device 5 executes a logical operation on the ACKs/NACKs
(first receipt acknowledgements) for the plurality of data in
the subframe (of time domain) of a plurality of downlink
subframes of one cell, to generate a piece of information
(second receipt acknowledgement) collecting the plurality of
first receipt acknowledgements.

By way of example, as the logical operation, mobile station
device 5 executes a logical multiplication. If the plurality of
ACKs/NACKs (first receipt acknowledgements) on which
time domain bundling is to be executed are all ACK, mobile
station device 5 generates ACK as the second receipt
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acknowledgement, and transmits the same to base station
device 3. If at least one of the plurality of ACKs/NACKs (first
receipt acknowledgements) on which time domain bundling
is to be executed is NACK, mobile station device 5 generates
NACK as the second receipt acknowledgement, and transmits
the same to base station device 3. In the present embodiment
using TDD, base station device 3 determines how many
downlink subframes is to be formed and/or how many uplink
subframes are to be formed in one radio frame, and notifies
mobile station device 5 of information indicating the deter-
mined subframe configuration. Based on the notified sub-
frame configuration, mobile station device 5 recognizes for
which data of which downlink subframes the first receipt
acknowledgements are to be collected to provide the second
receipt acknowledgement, and recognizes PUCCH of which
uplink subframe is to be used for transmitting the second
receipt acknowledgement.

An example of ACK/NACK time domain bundling will be
described. Assume that mobile station device 5 executes a
logical operation on the first receipt acknowledgements for
the data of four downlink subframes (downlink subframe 1,
downlink subframe 2, downlink subframe 3 and downlink
subframe 4) of one cell, to generate a second receipt acknowl-
edgement.

(1) If the ACK/NACK for the data of downlink subframe 1
is ACK, the ACK/NACK for the data of downlink subframe 2
is ACK, the ACK/NACK for the data of downlink subframe 3
is ACK and the ACK/NACK for the data of downlink sub-
frame 4 is ACK in one cell, mobile station device 5 generates
ACK as the second receipt acknowledgement.

(2) If the ACK/NACK for the data of downlink subframe 1
is ACK, the ACK/NACK for the data of downlink subframe 2
is ACK, the ACK/NACK for the data of downlink subframe 3
is ACK and the ACK/NACK for the data of downlink sub-
frame 4 is NACK in one cell, mobile station device 5 gener-
ates NACK as the second receipt acknowledgement.

(3) If the ACK/NACK for the data of downlink subframe 1
is ACK, the ACK/NACK for the data of downlink subframe 2
is ACK, the ACK/NACK for the data of downlink subframe 3
is NACK and the ACK/NACK for the data of downlink sub-
frame 4 is ACK in one cell, mobile station device 5 generates
NACK as the second receipt acknowledgement.

(4) If the ACK/NACK for the data of downlink subframe 1
is ACK, the ACK/NACK for the data of downlink subframe 2
is NACK, the ACK/NACK for the data of downlink subframe
3 is ACK and the ACK/NACK for the data of downlink
subframe 4 is ACK in one cell, mobile station device 5 gen-
erates NACK as the second receipt acknowledgement.

(5) If the ACK/NACK for the data of downlink subframe 1
is NACK, the ACK/NACK for the data of downlink subframe
2 is ACK, the ACK/NACK for the data of downlink subframe
3 is ACK and the ACK/NACK for the data of downlink
subframe 4 is ACK in one cell, mobile station device 5 gen-
erates NACK as the second receipt acknowledgement.

(6) If the ACK/NACK for the data of downlink subframe 1
is ACK, the ACK/NACK for the data of downlink subframe 2
is ACK, the ACK/NACK for the data of downlink subframe 3
is NACK and the ACK/NACK for the data of downlink sub-
frame 4 is NACK in one cell, mobile station device 5 gener-
ates NACK as the second receipt acknowledgement.

(7) If the ACK/NACK for the data of downlink subframe 1
is ACK, the ACK/NACK for the data of downlink subframe 2
is NACK, the ACK/NACK for the data of downlink subframe
3 is ACK and the ACK/NACK for the data of downlink
subframe 4 is NACK in one cell, mobile station device 5
generates NACK as the second receipt acknowledgement.
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(8) If the ACK/NACK for the data of downlink subframe 1
is NACK, the ACK/NACK for the data of downlink subframe
2 is ACK, the ACK/NACK for the data of downlink subframe
3 is ACK and the ACK/NACK for the data of downlink
subframe 4 is NACK in one cell, mobile station device 5
generates NACK as the second receipt acknowledgement.

(9) If the ACK/NACK for the data of downlink subframe 1
is ACK, the ACK/NACK for the data of downlink subframe 2
is NACK, the ACK/NACK for the data of downlink subframe
3 is NACK and the ACK/NACK for the data of downlink
subframe 4 is ACK in one cell, mobile station device 5 gen-
erates NACK as the second receipt acknowledgement.

(10) If the ACK/NACK for the data of downlink subframe
1 is NACK, the ACK/NACK for the data of downlink sub-
frame 2 is ACK, the ACK/NACK for the data of downlink
subframe 3 is NACK and the ACK/NACK for the data of
downlink subframe 4 is ACK in one cell, mobile station
device 5 generates NACK as the second receipt acknowledge-
ment.

(11) If the ACK/NACK for the data of downlink subframe
1 is NACK, the ACK/NACK for the data of downlink sub-
frame 2 is NACK, the ACK/NACK for the data of downlink
subframe 3 is ACK and the ACK/NACK for the data of
downlink subframe 4 is ACK in one cell, mobile station
device 5 generates NACK as the second receipt acknowledge-
ment.

(12) If the ACK/NACK for the data of downlink subframe
11s ACK, the ACK/NACK for the data of downlink subframe
2 is NACK, the ACK/NACK for the data of downlink sub-
frame 3 is NACK and the ACK/NACK for the data of down-
link subframe 4 is NACK in one cell, mobile station device 5
generates NACK as the second receipt acknowledgement.

(13) If the ACK/NACK for the data of downlink subframe
1 is NACK, the ACK/NACK for the data of downlink sub-
frame 2 is ACK, the ACK/NACK for the data of downlink
subframe 3 is NACK and the ACK/NACK for the data of
downlink subframe 4 is NACK in one cell, mobile station
device 5 generates NACK as the second receipt acknowledge-
ment.

(14) If the ACK/NACK for the data of downlink subframe
1 is NACK, the ACK/NACK for the data of downlink sub-
frame 2 is NACK, the ACK/NACK for the data of downlink
subframe 3 is NACK and the ACK/NACK for the data of
downlink subframe 4 is ACK in one cell, mobile station
device 5 generates NACK as the second receipt acknowledge-
ment.

(15) If the ACK/NACK for the data of downlink subframe
1 is NACK, the ACK/NACK for the data of downlink sub-
frame 2 is NACK, the ACK/NACK for the data of downlink
subframe 3 is ACK and the ACK/NACK for the data of
downlink subframe 4 is NACK in one cell, mobile station
device 5 generates NACK as the second receipt acknowledge-
ment.

(16) If the ACK/NACK for the data of downlink subframe
1 is NACK, the ACK/NACK for the data of downlink sub-
frame 2 is NACK, the ACK/NACK for the data of downlink
subframe 3 is NACK and the ACK/NACK for the data of
downlink subframe 4 is NACK in one cell, mobile station
device 5 generates NACK as the second receipt acknowledge-
ment.

A downlink subframe of which data is not received is not
the object of logical operation by mobile station device 5. By
way of example, assume that data of downlink subframes 1, 2,
and 3 are received while data of downlink subframe 4 is not
received. Mobile station device 5 executes logical operation
on the ACKs/NACKs for the data of downlink subframes 1, 2,
and 3, and thereby generates the second receipt acknowledge-
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ment. If no data is received in any downlink subframe of a
cell, mobile station device 5 does not generate the second
receipt acknowledgement.

<Spatial Bundling>

Spatial bundling will be described. When special bundling
is set, mobile station device 5 executes a logical operation on
the ACKs/NACKSs (first receipt acknowledgements) for the
plurality of data (transport blocks; hereinafter also referred to
as “code words™) transmitted through a PDSCH to which
spatial multiplexing is applied, to generate a piece of infor-
mation (second receipt acknowledgement) collecting the plu-
rality of first receipt acknowledgements.

By way of example, as the logical operation, mobile station
device 5 executes a logical multiplication. If the plurality of
ACKs/NACKs (first receipt acknowledgements) on which
spatial bundling is to be executed are all ACK, mobile station
device 5 generates ACK as the second receipt acknowledge-
ment, and transmits the same to base station device 3. If at
least one of the plurality of ACKs/NACKs (first receipt
acknowledgements) on which spatial bundling is to be
executed is NACK, mobile station device 5 generates NACK
as the second receipt acknowledgement, and transmits the
same to base station device 3. In the present embodiment,
mobile station device 5 recognizes whether the spatial mul-
tiplexing has been applied to the PDSCH and recognizes the
number of data included in one PDSCH, based on the trans-
mission mode set by base station device 3 and on the detected
PDCCH.

An example of ACK/NACK spatial bundling will be
described. Assume that transmission of two data (first and
second data) is set as the transmission mode for mobile station
device 5.

(1) If the ACK/NACK for the first data is ACK and the
ACK/NACK for the second data is ACK, mobile station
device 5 generates ACK as the second receipt acknowledge-
ment.

(2) If the ACK/NACK for the first data is ACK and the
ACK/NACK for the second data is NACK, mobile station
device 5 generates NACK as the second receipt acknowledge-
ment.

(3) If the ACK/NACK for the first data is NACK and the
ACK/NACK for the second data is ACK, mobile station
device 5 generates NACK as the second receipt acknowledge-
ment.

(4) If the ACK/NACK for the first data is NACK and the
ACK/NACK for the second data is NACK, mobile station
device 5 generates NACK as the second receipt acknowledge-
ment.

<ACK/NACK Channel Selection with Time Domain Bun-
dling>

Next, ACK/NACK channel selection with time domain
bundling will be described. When time domain bundling is
set, mobile station device 5 executes the time domain bun-
dling process cell by cell. Next, using the second receipt
acknowledgements of the plurality of cells on which time
domain bundling has been executed, mobile station device 5
executes the process of ACK/NACK channel selection.

Using FIG. 8, an example of the process will be described.
Specifically, mobile station device 5 executes time domain
bundling on the data received from a plurality of downlink
subframes of a primary cell, thereby sets the second receipt
acknowledgement for the primary cell to the 1st ACK/NACK,
and executes time domain bundling on the data received from
a plurality of downlink subframes of a secondary cell, and
thereby sets the second receipt acknowledgement for the
secondary cell to the 2nd ACK/NACK. In this manner, mobile
station device 5 executes the ACK/NACK channel selection.
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It is noted that downlink data may be received from a special
subframe, and in the process related to the time domain bun-
dling, a special subframe is processed as a part of downlink
subframes.

Mobile station device 5 determines candidate resources
used for PUCCH resource selection related to the ACK/
NACK channel selection, based on the PDCCH detected in
the downlink subframe to which data is allocated most
recently, in each cell. It is noted that downlink data may be
received from a special subframe, and in the process related to
the time domain bundling, a special subframe is processed as
a part of downlink subframes. For a cell to which candidate
resources are implicitly allocated, mobile station device 5
determines resources related to the CCEs used for the corre-
sponding PDCCH detected in the subframe to which data is
allocated most recently in the cell to be the candidate
resources, and uses the resources for PUCCH resource selec-
tion process. For a cell to which candidate resources are
explicitly allocated, mobile station device 5 determines the
resources indicated by the control information of the corre-
sponding PDCCH detected in the subframe to which data is
allocated most recently in the cell to be the candidate
resources, and uses the resources for PUCCH resource selec-
tion process. Alternatively, for a cell to which candidate
resources are explicitly allocated, mobile station device 5
determines the resources allocated in advance by RRC sig-
naling to the corresponding PDCCH detected in the subframe
to which data is allocated most recently in the cell to be the
candidate resources, and uses the resources for PUCCH
resource selection process.

Using FIG. 8, an example of the process will be described.

For a primary cell, mobile station device 5 determines the
resources related to the CCEs used for the PDCCH detected in
the downlink subframe to which the data is allocated most
recently, to be the PUCCH candidate resources for the ACK/
NACK channel selection.

In a configuration in which a PDCCH corresponding to a
secondary cell PDSCH is detected in a primary cell, for the
secondary cell, mobile station device 5 determines the
resources related to the CCEs used for the PDCCH detected in
the downlink subframe to which the data is allocated most
recently, to be the PUCCH candidate resources for the ACK/
NACK channel selection.

In a configuration in which a PDCCH corresponding to a
secondary cell PDSCH is detected in a secondary cell, for the
secondary cell, mobile station device 5 determines the
resources indicated by the control information of PDCCH
detected in the downlink subframe to which the data is allo-
cated most recently, to be the PUCCH candidate resources for
the ACK/NACK channel selection. Alternatively, in a con-
figuration in which a PDCCH corresponding to a secondary
cell PDSCH is detected in a secondary cell, for the secondary
cell, mobile station device 5 determines the resources allo-
cated in advance by RRC signaling to the corresponding
PDCCH detected in the subframe to which data is allocated
most recently in the cell to be the candidate resources for the
ACK/NACK channel selection.

If no data is received in any downlink subframe of a cell,
mobile station device 5 does not generate the second receipt
acknowledgement for the cell. If data is received in at least
one downlink subframe of a cell, mobile station device 5
generates the second receipt acknowledgement for the cell.
An example in which two cells (primary cell 1 and secondary
cell 1) are configured and single data transmission takes place
in each cell will be described.

(1) If data is received in at least one downlink subframe of
primary cell 1, and data is received in at least one downlink
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subframe of secondary cell 1, mobile station device 5 gener-
ates two second receipt acknowledgements (one second
receipt acknowledgement for primary cell 1 and one second
receipt acknowledgement for secondary cell 1).

(2) If data is received in at least one downlink subframe of
primary cell 1, and no data is received in any of the downlink
subframes of secondary cell 1, mobile station device 5 gen-
erates one second receipt acknowledgement (one second
receipt acknowledgement for primary cell 1).

(3) If no data is received in any of the downlink subframe of
primary cell 1, and data is received in at least one downlink
subframe of secondary cell 1, mobile station device 5 gener-
ates one second receipt acknowledgement (one second
receipt acknowledgement for secondary cell 1).

Next, an example in which two cells (primary cell 1 and
secondary cell 1) are configured, spatial multiplexing is
applied to each cell and transmission of two data takes place
in each cell will be described.

(1) If two data are received in at least one downlink sub-
frame of primary cell 1, and two data are received in at least
one downlink subframe of secondary cell 1, mobile station
device 5 generates four second receipt acknowledgements
(two second receipt acknowledgements for primary cell 1 and
two second receipt acknowledgements for secondary cell 1).

(2) If two data are received in at least one downlink sub-
frame of primary cell 1, and no data is received in any of the
downlink subframe of secondary cell 1, mobile station device
5 generates two second receipt acknowledgements (two sec-
ond receipt acknowledgements for primary cell 1).

(3) If no data is received in any of the downlink subframe of
primary cell 1, and two data are received in at least one
downlink subframe of secondary cell 1, mobile station device
5 generates two second receipt acknowledgements (two sec-
ond receipt acknowledgements for secondary cell 1).

Next, an example in which two cells (a primary cell and a
secondary cell) are configured, spatial multiplexing is applied
to primary cell 1 and transmission of two data takes place, and
transmission of single data takes place in secondary cell 1 will
be described.

(1) If two data are received in at least one downlink sub-
frame of primary cell 1, and one data is received in at least one
downlink subframe of secondary cell 1, mobile station device
5 generates three second receipt acknowledgements (two sec-
ond receipt acknowledgements for primary cell 1 and one
second receipt acknowledgement for secondary cell 1).

(2) If two data are received in at least one downlink sub-
frame of primary cell 1, and no data is received in any of the
downlink subframe of secondary cell 1, mobile station device
5 generates two second receipt acknowledgements (two sec-
ond receipt acknowledgements for primary cell 1).

(3) If no data is received in any of the downlink subframe of
primary cell 1, and one data is received in at least one down-
link subframe of secondary cell 1, mobile station device 5
generates one second receipt acknowledgement (one second
receipt acknowledgement for secondary cell 1).

Since mobile station device 5 determines the candidate
resources used for PUCCH resource selection related to the
ACK/NACK channel selection based on the PDCCH detected
in each cell, if no PDCCH including DCI addressed to the
device itself is detected and no data is received for the cell,
allocation of candidate resource related to the cell is unavail-
able. In that case, mobile station device 5 executes the
resource selection process using only the available candidate
resources that have been allocated.

Inthe transmission mode in which transmission of two data
is done basically, it is possible that only one data sequence is
transmitted. By way of example, such a manner of transmis-
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sion is realized if base station device 3 indicates that only one
of two data sequences subjected to spatial multiplexing is
valid and the other data sequence is invalid. If the first data
sequence or the second data sequence is received in at least
one downlink subframe in a cell, mobile station device 5
generates two second receipt acknowledgements for the cell.
By way of example, if only the first data sequence is received
in at least one downlink subframe and the second data
sequence is not received in any of the downlink subframes of
a cell, mobile station device 5 generates two second receipt
acknowledgements for the cell.

<ACK/NACK Channel Selection with Spatial Bundling>

Next, the ACK/NACK channel selection using spatial bun-
dling will be described. When spatial bundling is set, mobile
station device 5 executes the spatial bundling process cell by
cell. Next, using the second receipt acknowledgements of the
plurality of cells on which spatial bundling has been executed,
mobile station device 5 executes the process of ACK/NACK
channel selection.

An example of the 2nd ACK/NACK channel selection with
spatial bundling will be described. Assume, for example, that
transmission mode in which two cells are configured for cell
aggregation, and PDSCH including two types of data (first
data sequence and second data sequence) is transmitted using
spatial multiplexing from base station device 3, is set for
mobile station terminal 5. By way of example, mobile station
device 5 executes spatial bundling on the ACK/NACK for the
data received by a primary cell and executes spatial bundling
on the ACK/NACK for the data received by a secondary cell.
Here, mobile station device 5 executes the ACK/NACK chan-
nel selection shown in FIG. 8. In the primary cell, mobile
station device 5 executes spatial bundling on the two data
received through PDSCH with spatial multiplexing, and sets
the second receipt acknowledgement for the primary cell to
the 1st ACK/NACK. Further, in the secondary cell, mobile
station device 5 executes spatial bundling on the two data
received through PDSCH with spatial multiplexing, and sets
the second receipt acknowledgement for the secondary cell to
the 2nd ACK/NACK, and executes the ACK/NACK channel
selection.

Mobile station device 5 determines candidate resources
used for PUCCH resource selection related to the ACK/
NACK channel selection, based on the PDCCH detected in
each cell. For a cell to which candidate resources are implic-
itly allocated, mobile station device 5 determines resources
having the corresponding relation to the CCEs used for the
corresponding PDCCH to be the candidate resources, and
uses the resources for PUCCH resource selection process. For
a cell to which candidate resources are explicitly allocated,
mobile station device 5 determines the resources indicated by
the control information of the corresponding PDCCH to be
the candidate resources, and uses the resources for PUCCH
resource selection process. Alternatively, for a cell to which
candidate resources are explicitly allocated, mobile station
device 5 determines the resources allocated in advance by
RRC signaling to the corresponding PDCCH to be the can-
didate resources, and uses the resources for PUCCH resource
selection process.

If no data is received in any downlink subframe of a cell,
mobile station device 5 does not generate the second receipt
acknowledgement for the cell. An example in which two cells
(primary cell 1 and secondary cell 1) are configured, trans-
mission of two data takes place in each cell, and spatial
bundling is applied to each cell will be described.

(1) If two data are received in primary cell 1 and two data
are received in secondary cell 1, mobile station device 5
generates two receipt acknowledgements (one second receipt
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acknowledgement for primary cell 1 and one second receipt
acknowledgement for secondary cell 1).

(2) If two data are received in primary cell 1 and no data is
received in secondary cell 1, mobile station device 5 gener-
ates one second receipt acknowledgement (one second
receipt acknowledgement for primary cell 1).

(3) If no data is received in primary cell 1 and two data are
received in secondary cell 1, mobile station device 5 gener-
ates one second receipt acknowledgement (one second
receipt acknowledgement for secondary cell 1).

Next, an example in which two cells (primary cell 1 and
secondary cell 1) are configured, transmission of two data
takes place in each cell, and spatial bundling is applied only to
secondary cell 1 will be described.

(1) If two data are received in primary cell 1 and two data
are received in secondary cell 1, mobile station device 5
generates three receipt acknowledgements (two second
receipt acknowledgements for primary cell 1 and one second
receipt acknowledgement for secondary cell 1).

(2) If two data are received in primary cell 1 and no data is
received in secondary cell 1, mobile station device 5 gener-
ates two receipt acknowledgements (two second receipt
acknowledgements for primary cell 1).

(3) If no data is received in primary cell 1 and two data are
received in secondary cell 1, mobile station device 5 gener-
ates one receipt acknowledgement (one second receipt
acknowledgement for secondary cell 1).

In a cell where spatial bundling is not applied, mobile
station device 5 sets the first receipt acknowledgement
directly as the second receipt acknowledgement to be used for
subsequent processes.

Since mobile station device 5 determines the candidate
resources used for PUCCH resource selection related to the
ACK/NACK channel selection based on the PDCCH detected
in each cell, if no PDCCH including DCI addressed to the
device itself is detected and no data is received for the cell,
allocation of candidate resource related to the cell is unavail-
able. In that case, mobile station device 5 executes the
resource selection process using only the available candidate
resources that have been allocated.

Inthe transmission mode in which transmission of two data
is done basically, it is possible that only one data sequence is
transmitted. By way of example, such a manner of transmis-
sion is realized if base station device 3 indicates that only one
of two data sequences subjected to spatial multiplexing is
valid and the other data sequence is invalid. If only the first
data sequence is received in a cell to which spatial bundling is
not applied (if the second data sequence is invalid), mobile
station device 5 sets the resources for the first data sequence
of'the cell and the resources for the second data sequence of
the cell to be the candidate resources to be used for PUCCH
resource selection for the ACK/NACK channel selection. If
only the second data sequence is received in a cell to which
spatial bundling is not applied (if the first data sequence is
invalid), mobile station device 5 sets the resources for the
second data sequence of the cell and the resources for the first
data sequence of the cell to be the candidate resources to be
used for PUCCH resource selection for the ACK/NACK
channel selection.

<ACK/NACK Channel Selection with Spatial Bundling
and Time Domain Bundling>

Next, the ACK/NACK channel selection using spatial bun-
dling and time domain bundling will be described. First,
mobile station device 5 executes the spatial bundling process
on each downlink subframe of each cell. Next, mobile station
device 5 executes the time domain bundling process cell by
cell. Mobile station device 5 executes a logical operation on
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the ACKs/NACKSs subjected to the spatial bundling in each of
the plurality of downlink subframes and thereby generates the
second receipt acknowledgement cell by cell. Thereafter,
mobile station device 5 executes a process similar to the
processes described with respect to the ACK/NACK channel
selection with time domain bundling, and using the second
receipt acknowledgements for the plurality of cells, executes
the ACK/NACK channel selection process.

If no data is received in any downlink subframe of a cell,
mobile station device 5 does not generate the second receipt
acknowledgement for the cell. An example in which two cells
(primary cell 1 and secondary cell 1) are configured, spatial
multiplexing is applied to each cell and transmission of two
data takes place in each cell, and spatial bundling is applied to
each cell will be described.

(1) If two data are received in at least one downlink sub-
frame of primary cell 1 and two data are received in at least
one downlink subframe of secondary cell 1, mobile station
device 5 generates two second receipt acknowledgements
(one second receipt acknowledgement for primary cell 1 and
one second receipt acknowledgement for secondary cell 1).

(2) If two data are received in at least one downlink sub-
frame of primary cell 1 and no data is received in any down-
link subframe of secondary cell 1, mobile station device 5
generates one second receipt acknowledgement (one receipt
acknowledgement for primary cell 1).

(3) If no data is received in any downlink subframe of
primary cell 1 and two data are received in at least one down-
link subframe of secondary cell 1, mobile station device 5
generates one second receipt acknowledgement (one second
receipt acknowledgement for secondary cell 1).

Next, an example in which two cells (primary cell 1 and
secondary cell 1) are configured, spatial multiplexing is
applied to each cell and transmission of two data takes place
in each cell, and spatial bundling is applied only to secondary
cell 1 will be described.

(1) If two data are received in at least one downlink sub-
frame of primary cell 1 and two data are received in at least
one downlink subframe of secondary cell 1, mobile station
device 5 generates three second receipt acknowledgements
(two second receipt acknowledgements for primary cell 1 and
one second receipt acknowledgement for secondary cell 1).

(2) If two data are received in at least one downlink sub-
frame of primary cell 1 and no data is received in any down-
link subframe of secondary cell 1, mobile station device 5
generates two second receipt acknowledgements (two second
receipt acknowledgements for primary cell 1).

(3) If no data is received in any downlink subframe of
primary cell 1 and two data are received in at least one down-
link subframe of secondary cell 1, mobile station device 5
generates one second receipt acknowledgement (one second
receipt acknowledgement for secondary cell 1).

Since mobile station device 5 determines the candidate
resources used for PUCCH resource selection related to the
ACK/NACK channel selection based on the PDCCH detected
in each cell, if no PDCCH including DCI addressed to the
device itself is detected and no data is received for the cell,
allocation of candidate resource related to the cell is unavail-
able. In that case, mobile station device 5 executes the
resource selection process using only the available candidate
resources that have been allocated.

In the transmission mode in which transmission of two data
is done basically, it is possible that only one data sequence is
transmitted. By way of example, such a manner of transmis-
sion is realized if base station device 3 indicates that only one
of two data sequences subjected to spatial multiplexing is
valid and the other data sequence is invalid. If only the first
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data sequence is received in at least one downlink subframe of
a cell to which spatial bundling is not applied and the second
data sequence is notreceived in any downlink subframe (if the
second data is invalid), mobile station device 5 sets the
resources for the first data sequence of the cell and the
resources for the second data sequence of the cell to be the
candidate resources to be used for PUCCH resource selection
for the ACK/NACK channel selection. If only the second data
sequence is received in at least one downlink subframe of a
cell to which spatial bundling is not applied and the first data
sequence is not received in any downlink subframe (if the first
data is invalid), mobile station device 5 sets the resources for
the second data sequence of the cell and the resources for the
first data sequence of the cell to be the candidate resources to
be used for PUCCH resource selection for the ACK/NACK
channel selection. If'the first data sequence or the second data
sequence is received in any one downlink subframeina cell to
which spatial bundling is not applied, mobile station device 5
generates two second receipt acknowledgements for the cell.
By way of example, if only the first data sequence is received
in at least one downlink subframe of a cell to which spatial
bundling is not applied and the second data sequence is not
received in any downlink subframe, mobile station device 5
generates two second receipt acknowledgements for the cell.
<Overall Configuration of Base Station Device 3>

Next, referring to FIGS. 11 to 13, configuration of base
station device 3 in accordance with the present embodiment
will be described. FIG. 11 is a schematic block diagram
showing the configuration of base station device 3 in accor-
dance with an embodiment of the present invention. As shown
in FIG. 11, base station device 3 includes a reception process-
ing unit (receiving unit) 101, a radio resource control unit
103, a control unit 105 and a transmission processing unit
107.

Reception processing unit 101 demodulates and decodes
PUCCH and/or PUSCH reception signals received by a
reception antenna 109 from mobile station device 5, using an
uplink reference signal and thereby extracts control informa-
tion and/or information data, in accordance with an instruc-
tion from control unit 105. Reception processing unit 101
executes a process for extracting UCI from the uplink sub-
frame and/or uplink physical resource block to which the
device itself has allocated PUCCH resource for mobile sta-
tion device 5. Reception processing unit 101 receives instruc-
tions from control unit 105 as to what process is to be done on
which uplink subframe and/or which uplink physical
resource block. By way of example, reception processing unit
101 is instructed by control unit 105 to execute a detection
process, in which multiplication and combining of code
sequence in time domain and/or multiplication and combin-
ing of code sequence in frequency domain is executed on
PUCCH signals (PUCCH format 1a, PUCCH format 1b) for
the ACK/NACK. Further, reception processing unit 101
receives an instruction of a code sequence in frequency
domain and/or code sequence in time domain to be used for
the process of detecting UCI from PUCCH, from control unit
105.

Reception processing unit 101 outputs the extracted UCI to
control unit 105, and outputs information data to an upper
layer. By way of example, reception processing unit 101
performs a process of detecting information of a plurality of
ACKs/NACKs from the PUCCH signal transmitted using
ACK/NACK channel selection. Reception processing unit
101 recognizes candidate resources of ACK/NACK channel
selection based on the PDCCH transmitted to mobile station
device 5, detects whether or not a signal has been transmitted
by each candidate resource and demodulates a signal of the
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candidate resource from which a signal is determined to be
transmitted, and thereby detects information of a plurality of
ACKs/NACKs. Similarly, reception processing unit 101 per-
forms a process of detecting information of a plurality of
ACKs/NACKSs from the PUCCH signals transmitted by using
time domain bundling and ACK/NACK channel selection, the
PUCCH signals transmitted by using spatial bundling and
ACK/NACK channel selection, or the PUCCH signals trans-
mitted by using time domain bundling, spatial bundling and
ACK/NACK channel selection. Reception processing unit
101 outputs the extracted UCI to control unit 105, and outputs
information data to an upper layer. Details of reception pro-
cessing unit 101 will be described later.

Radio resource control unit 103 performs resource alloca-
tion to PDCCH of each mobile station device 5, resource
allocation to PUCCH, allocation of downlink physical
resource blocks to PDSCH, allocation of uplink physical
resource blocks to PUSCH, and setting of modulation
method, code rate, and transmit power control values of vari-
ous channels. Radio resource control unit 103 also sets code
sequences of the frequency domain and code sequences of
time domain for the PUCCH. Further, radio resource control
unit 103 outputs pieces of information indicating set PUCCH
resource allocation and the like to control unit 105.

Radio resource control unit 103 sets a method of ACK/
NACK transmission when cell aggregation is used. The ACK/
NACK transmission method when cell aggregation is used
includes: a method of transmitting ACK/NACK using ACK/
NACK channel selection; a method of transmitting ACK/
NACK using time domain bundling; and a method of trans-
mitting ACK/NACK using spatial bundling. Radio resource
control unit 103 may simultaneously set two or more of the
methods mentioned above. Part of the information set by
radio resource control unit 103 is notified to mobile station
device 5 using transmission processing unit 107. By way of
example, information representing method of transmitting
ACK/NACK using cell aggregation, information indicating
values of some parameters related to transmit power of
PUSCH, and information indicating values of some param-
eters related to transmit power of PUCCH are notified to
mobile station device 5.

Based on the UCI obtained using PUCCH at reception
processing unit 101 and input through control unit 105, radio
resource control unit 103 sets radio resource allocation of
PDSCH and the like. By way of example, if ACK/NACK
obtained by using PUCCH is input, radio resource control
unit 103 performs resource allocation of PDSCH having
NACK indicated as its ACK/NACK, to mobile station device
5.

Radio resource control unit 103 configures, if its own
device communicates using cell aggregation, a plurality of
downlink component carriers and/or a plurality of uplink
component carriers for mobile station device 5. Further, radio
resource control unit 103 sets a PDCCH CC, aPDSCH CC to
have a correspondence relation with the PDCCH CC, primary
cell, secondary cell and the like. Radio resource control unit
103 outputs information indicating which cell is to be set as
the primary cell, information indicating a downlink compo-
nent carrier related as a PDCCH CC corresponding to a
PDSCH CC of each secondary cell, and so on through trans-
mission processing unit 107 to control unit 105, to give notice
to mobile station device 5.

Radio resource control unit 103 outputs various control
signals to control unit 105. By way of example, the control
signals include a control signal indicating resource allocation
of PUCCH, and a control signal indicating a detection process
carried out on the PUCCH signal received by reception pro-
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cessing unit 101. By way of example, radio resource control
unit 103 outputs control signals indicating PUCCH resource
for ACK/NACK, uplink subframes as candidate resources of
PUCCH for ACK/NACK using ACK/NACK channel selec-
tion, uplink physical resource blocks, code sequence of time
domain and code sequence of frequency domain and the like.

Based on control signals input from radio resource control
unit 103, control unit 105 performs, on transmission process-
ing unit 107, control of allocation of downlink physical
resource blocks to PDSCH, resource allocation for PDCCH,
setting of modulation method for PDSCH, and setting of code
rate for PDSCH and PDCCH. Further, based on control sig-
nals input from radio resource control unit 103, control unit
105 generates DCI to be transmitted using PDCCH, and
outputs it to transmission processing unit 107. The DCI trans-
mitted using PDCCH includes a downlink assignment and an
uplink grant.

Control unit 105 controls transmission processing unit 107
such that information indicating the downlink component
carrier and the uplink component carrier used for communi-
cation, information indicating the primary cell, information
indicating the corresponding relation between PDSCH CC
and PDCCH CC, ACK/NACK transmission method used in
cell aggregation and information indicating PUCCH resource
allocation are transmitted through transmission processing
unit 107 to mobile station device 5 using PDSCH. Further,
control unit 105 performs control such that candidate
resources of PUCCH resource selection process of ACK/
NACK channel selection are transmitted through transmis-
sion processing unit 107 to mobile station device 5 using
PDCCH. Information indicating potential candidate
resources for the PUCCH resource selection process for
ACK/NACK channel selection is notified to mobile station
device 5 through transmission processing unit 107.

Based on control signals input from radio resource control
unit 103, control unit 105 controls reception processing unit
101 in connection with the allocation of uplink physical
resource blocks for PUSCH, PUCCH resource allocation,
setting of modulation method for PUSCH and PUCCH, set-
ting of PUSCH code rate, detection process for PUCCH and
setting of code sequence for PUCCH. Further, if UCI trans-
mitted using PUCCH from mobile station device 5 is input
through reception processing unit 101, control unit 105 out-
puts the input UCI to radio resource control unit 103. By way
of'example, if a piece of information indicating ACK/NACK
channel selection is input to radio source control unit 103,
control unit 105 recognizes candidate resources for ACK/
NACK channel selection, based on the PDCCH transmitted to
mobile station device 5. Control unit 105 controls reception
processing unit 101 such that it detects whether or not a signal
is transmitted in each candidate resource and demodulates the
signal of the candidate resource which is determined to have
a signal transmitted therein, so as to detect information of a
plurality of ACKs/NACKSs. Control unit 105 does not include
aresource corresponding to a cell that transmitted no PDSCH
in any downlink subframe, in the candidate resources of
ACK/NACK channel selection.

Based on a control signal input from control unit 105,
transmission processing unit 107 generates a signal to be
transmitted using PDCCH and/or PDSCH, and transmits it
through transmission antenna 111. Transmission processing
unit 107 transmits information indicating downlink compo-
nent carrier and uplink component carrier used for commu-
nication using cell aggregation input from radio resource
control unit 103, information indicating the primary cell,
information indicating the corresponding relation between
PDSCH CC and PDCCH CC, ACK/NACK transmission



US 9,031,045 B2

49

method used in cell aggregation, information indicating
PUCCH resource candidates, information indicating values
of' some parameters related to PUSCH transmit power, infor-
mation indicating values of some parameters related to
PUCCH transmit power, and information data input from an
upper layer, to mobile station device 5 using PDSCH. Further,
transmission processing unit 107 transmits DCI input from
controlunit 105 to mobile station device 5 using PDCCH. For
the simplicity of description, in the following, it is assumed
that the information data includes pieces of information
related to various different types of control. Details of trans-
mission processing unit 107 will be described later.

<Configuration of Transmission Processing Unit 107 of
Base Station Device 3>

In the following, details of transmission processing unit
107 of base station device 3 will be described. FIG. 12 is a
schematic block diagram showing a configuration of trans-
mission processing unit 107 of base station device 3 in accor-
dance with an embodiment of the present invention. As shown
in FIG. 12, transmission processing unit 107 includes: a plu-
rality of physical downlink shared channel processing units
201-1 to 201-M (hereinafter physical downlink shared chan-
nel processing units 201-1 to 201-M will be generally
referred to as “physical downlink shared channel processing
unit 2017); a plurality of physical downlink control channel
processing units 203-1 to 203-M (hereinafter physical down-
link control channel processing units 203-1 to 203-M will be
generally referred to as “physical downlink control channel
processing unit 203”"); a downlink pilot channel processing
unit 205; a multiplexing unit 207; an IFFT (Inverse Fast
Fourier Transform) unit 209; a GI (Guard Interval) inserting
unit 211; a D/A (Digital/Analog converter) unit 213; a trans-
mission RF (Radio Frequency) unit 215; and transmission
antenna 111. Physical downlink shared channel processing
units 201 each have the same configuration and same func-
tion, and physical downlink control channel processing units
203 each have the same configuration and same function.
Therefore, only one of respective units will be described as a
representative. In the description of transmission processing
unit 107, first, an example with one transmission antenna
(when transmission of single data takes place) will be
described, and an example in which a plurality of transmis-
sion antennas and a processing unit enabling spatial multi-
plexing on PDSCH are provided (when transmission of two
data takes place) will be described later.

As shown in FIG. 12, physical downlink shared channel
processing unit 201 includes a turbo coding unit 219 and a
data modulating unit 221. Further, as shown in FIG. 12,
physical downlink control channel processing unit 203
includes a convolution coding unit 223 and a QPSK modu-
lating unit 225. Physical downlink shared channel processing
unit 201 performs a baseband signal processing for sending
information data to mobile station device 5 by OFDM
method. Turbo coding unit 219 performs turbo coding with
code rate input from control unit 105, to enhance error resil-
ience of data, and outputs the result to data modulating unit
221. Data modulating unit 221 modulates the data encoded by
turbo coding unit 219 by a modulation method input from
control unit 105 such as QPSK (Quadrature Phase Shift Key-
ing), 16QAM (16 Quadrature Amplitude Modulation) or 64
QAM (64 Quadrature Amplitude Modulation), and thereby
generates a signal sequence of modulated symbols. Data
modulating unit 221 outputs the generated signal sequence to
multiplexing unit 207.

Physical downlink control channel processing unit 203
performs baseband signal processing for transferring DCI
input from control unit 105 in OFDM method. Convolution
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coding unit 223 performs convolution coding to enhance DCI
error resilience, based on the code rate input from control unit
105. Here, DCI is controlled bit by bit. Further, convolution
coding unit also performs rate matching to adjust the number
of output bits with respect to the bits that have been subjected
to the convolution coding, based on the code rate input from
control unit 105. Convolution coding unit 223 outputs the
coded DCI to QPSK modulating unit 225. QPSK modulating
unit 225 modulates the DCI encoded by convolution coding
unit 223 by QPSK modulation method, and outputs the modu-
lated signal sequence of modulation symbols to multiplexing
unit 207. Downlink pilot channel processing unit 205 gener-
ates a downlink reference signal (also referred to as “Cell
Specific RS”) as a known signal in mobile station device 5,
and outputs it to multiplexing unit 207.

Multiplexing unit 207 multiplexes the signals input from
downlink pilot channel processing unit 205, the signals input
from physical downlink shared channel processing unit 201,
and the signals input from physical downlink control channel
processing unit 203, respectively, on down link subframes in
accordance with an instruction from control unit 105. Control
signals related to allocation of downlink physical resource
blocks for PDSCH and PDCCH resource allocation set by
radio resource control unit 103 are input to control unit 105.
Control unit 105 controls the processing by multiplexing unit
207 based on the input control signals.

Multiplexing unit 207 multiplexes PDSCH and PDCCH
basically in time-multiplexing manner as shown in FIG. 3.
Further, multiplexing unit 207 multiplexes downlink pilot
channel and other channels in time/frequency multiplexing.
Further, multiplexing unit 207 multiplexes PDSCHs
addressed to mobile station devices 5 on a pair by pair basis on
downlink physical resource blocks. Multiplexing unit 207
may multiplex PDSCHs using a plurality of pairs of downlink
physical resource blocks, for one mobile station device 5.
Further, multiplexing unit 207 multiplexes PDCCHs
addressed to each mobile station device 5 using CCE in the
same downlink component carrier. Multiplexing unit 207
outputs multiplexed signals to IFFT unit 209.

IFFT unit 209 performs Inverse Fast Fourier Transform on
the signals multiplexed by multiplexing unit 207 and per-
forms OFDM modulation, and outputs the result to GI insert-
ing unit 211. GI inserting unit 211 adds guard interval to the
signals subjected to OFDM modulation by IFFT unit 209, and
thereby generates baseband digital signals consisting of
OFDM symbols. As is well known, the guard interval is
generated by replicating the head or tail of the transferred
OFDM symbols. GI inserting unit 211 outputs the generated
baseband digital signals to D/A unit 213. D/A unit 213 con-
verts the baseband digital signals input from GI inserting unit
211 to analog signals, and outputs the signals to transmission
RF unit 215. Transmission RF unit 215 generates in-phase
and quadrature-phase components of intermediate frequency
from the analog signals input from D/A unit 213, and removes
unnecessary frequency component with respect to the inter-
mediate frequency band. Next, transmission RF unit 215
converts the signals of intermediate frequency to signals of
high frequency (up-converts), power-amplifies and transmits
the results to mobile station device 5 through transmission
antenna 111.

Next, an example in which a plurality of transmission
antennas are provided and spatial multiplexing is done on
PDSCH will be described. As compared with the example
described with reference to FIG. 12 in which the number of
transmission antennas is 1, a plurality of transmission anten-
nas 111 are provided on base station device 3, and the pro-
cessing units each consisting of multiplexing unit 207, IFFT
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unit 209, Gl inserting unit 211, D/A unit 213 and transmission
RF unit 215 are provided in the same number as the transmis-
sion antennas, on base station device 3. Further, a spatial
multiplexing unit for performing the spatial multiplexing pro-
cess is provided on base station device 3. The spatial multi-
plexing unit replicates the data sequence input from physical
downlink shared channel processing unit 201, multiplies each
replicated data sequence with a weight (hereinafter referred
to as “pre-coding”), and outputs each data sequence multi-
plied by the weight to multiplexing unit 207 corresponding to
each transmission antenna 111. By way of example, a plural-
ity of signals of different phases and having amplitude of 1 are
used as transmission weights. Thereafter, following the pro-
cesses by IFFT unit 209, GI inserting unit 211, D/A unit 213
and transmission RF unit 215 corresponding to each trans-
mission antenna 111, data sequences processed by the spatial
multiplexing unit are transmitted from each transmission
antenna 111.

<Configuration of Reception Processing Unit 101 of Base
Station Device 3>

In the following, details of reception processing unit 101 of
base station device 3 will be described. FIG. 13 is a schematic
block diagram showing a configuration of reception process-
ing unit 101 of base station device 3 in accordance with an
embodiment of the present invention. As shown in FIG. 13,
reception processing unit 101 includes a reception RF unit
301, an A/D (Analog/Digital converter) unit 303, a compo-
nent carrier separating unit 305 and a plurality of carrier-by-
carrier reception processing units 307-1 to 307-M for the
uplink component carriers (hereinafter the carrier-by-carrier
reception processing units 307-1 to 307-M for the uplink
component carriers will be generally referred to as “carrier-
by-carrier reception processing unit 307 for uplink compo-
nent carriers”). Further, as shown in FIG. 13, carrier-by-
carrier reception processing unit 307 for uplink component
carriers includes a symbol timing detecting unit 309, a GI
removing unit 311, an FFT unit 313, a subcarrier de-mapping
unit 315, a propagation path estimating unit 317, a PUSCH
propagation path equalizing unit 319, a PUCCH propagation
path equalizing unit 321, an IDFT unit 323, a data demodu-
lating unit 325, a turbo decoding unit 327 and a physical
uplink control channel detecting unit 329. Since carrier-by-
carrier reception processing units 307 for uplink component
carriers each have the same configuration and same functions,
only one will be described as a representative.

Reception RF unit 301 appropriately amplifies signals
received by a reception antenna 109, converts to intermediate
frequency (down-converts), removes unnecessary frequency
components, regulates amplification level to maintain appro-
priate signal levels, and performs quadrature demodulation
based on the in-phase and quadrature-phase components of
the received signals. Reception RF unit 301 outputs the
quadrature demodulated analog signals to A/D unit 303.

A/D unit 303 converts the analog signals that have been
subjected to quadrature demodulation by reception RF unit
301 to digital signals, and outputs the converted digital sig-
nals to component carrier separating unit 305. Component
carrier separating unit 305 separates the reception signals for
each of uplink component carriers of the uplink system band-
width, and outputs the result to each carrier-by-carrier recep-
tion processing unit 307 for uplink component carriers.

Carrier-by-carrier reception processing unit 307 for uplink
component carriers performs demodulation and decoding of
PUSCH and/or PUCCH in the uplink component carrier, and
detects information data and/or UCI.

Symbol timing detecting unit 309 detects symbol timing
based on the signal input from component carrier separating
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unit 305, and outputs a control signal indicating the detected
symbol border timing to GI removing unit 311. Based on the
control signal from symbol timing detecting unit 309, GI
removing unit 311 removes a portion corresponding to the
guard interval from the signals input from component carrier
separating unit 305, and outputs the signals of remaining parts
to FFT unit 313. FFT unit 313 performs Fast Fourier Trans-
form on the signals input from GI removing unit 311, per-
forms DFT-Spread-OFDM demodulation, and outputs the
results to subcarrier de-mapping unit 315. The number of
points of FFT unit 313 is the same as the number of points of
an IFFT unit of mobile station device 5, which will be
described later.

Based on the control signal input from control unit 105,
subcarrier de-mapping unit 315 separates the signals
demodulated by FFT unit 313 to an uplink reference signal for
the uplink pilot channel, PUSCH signals and PUCCH signals.
Subcarrier de-mapping unit 315 outputs the separated uplink
reference signal to propagation path estimating unit 317, the
separated PUSCH signal to PUSCH propagation path equal-
izing unit 319, and outputs the separated PUCCH signals to
PUCCH propagation path equalizing unit 321.

Propagation path estimating unit 317 estimates fluctuation
on the propagation path using the uplink reference signal
separated by subcarrier de-mapping unit 315 and a known
signal. Propagation path estimating unit 317 outputs the esti-
mated propagation path estimated value to PUSCH propaga-
tion path equalizing unit 319 and PUCCH propagation path
equalizing unit 321. PUSCH propagation path equalizing unit
319 equalizes amplitude and phase of PUSCH signals sepa-
rated by subcarrier de-mapping unit 315 based on the propa-
gation path estimated value input from propagation path esti-
mating unit 317. Here, “equalization” refers to a process of
returning the signals that have experienced propagation path
fluctuation during radio communication to original states.
PUSCH propagation path equalizing unit 319 outputs the
adjusted signals to IDFT unit 323.

IDFT unit 323 performs Inverse Discrete Fourier Trans-
form on the signals input from PUSCH propagation path
equalizing unit 319 and outputs the results to data demodu-
lating unit 325. Data demodulating unit 325 demodulates the
PUSCH signals that have been subjected to transform by
IDFT unit 323, and outputs the demodulated PUSCH signals
to turbo decoding unit 327. The demodulation here corre-
sponds to the method of modulation used by the data modu-
lating unit of mobile station device 5. The modulation method
is input from control unit 105. Turbo decoding unit 327
decodes information data from the demodulated PUSCH sig-
nals input from data demodulating unit 325. Coderate is input
from control unit 105.

PUCCH propagation path equalizing unit 321 equalizes
amplitude and phase of PUCCH signals separated by subcar-
rier de-mapping unit 315, based on the propagation path
estimated value input from propagation path estimating unit
317. PUCCH propagation path equalizing unit 321 outputs
the equalized signals to physical uplink control channel
detecting unit 329.

Physical uplink control channel detecting unit 329
demodulates and decodes the signals input from PUCCH
propagation path equalizing unit 321, and detects UCI. Physi-
cal uplink control channel detecting unit 329 performs a
process for separating signals code-multiplexed in frequency
domain and/or time domain. Physical uplink control channel
detecting unit 329 performs a process for detecting ACKS/
NACK, SR, CQI and the like from PUCCH signals code-
multiplexed in frequency domain and/or time domain, using
the code sequence used on the transmitting side. Specifically,
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physical uplink control channel detecting unit 329 multiplies
subcarrier-by-subcarrier signals of PUCCH by each code of
the code sequence, to combine signals multiplied by respec-
tive codes, as the detecting process using code sequence in the
frequency domain, that is, the process for separating code-
multiplexed signals in the frequency domain. Physical uplink
control channel detecting unit 329 multiplies signals of each
SC-FDMA symbol of PUCCH by each code of the code
sequence and combine signals multiplied by respective
codes, as the detecting process using code sequence in time
domain, that is, the process for separating signals code-mul-
tiplexed in the time domain. Based on a control signal from
control unit 105, physical uplink control channel detecting
unit 329 sets the detecting process for the PUCCH signals.

Based on a control signal from control unit 105, physical
uplink control channel detecting unit 329 performs a process
for detecting information of a plurality of ACKs/NACKs
from the PUCCH signals transmitted using ACK/NACK
channel selection. Physical uplink control channel detecting
unit 329 detects whether or not a signal has been transmitted
by each candidate resource designated by control unit 105. By
way of example, the process for detecting whether or not a
signal has been transmitted is done based on whether or not
electric power of a reception signal detected by the resource
has exceeded a prescribed threshold value. Physical uplink
control channel detecting unit 329 demodulates the signal of
the candidate resource determined to have a signal transmit-
ted thereon, and determines which signal point of QPSK it
corresponds. Based on the resource on which the signal is
detected and the signal point of demodulated QPSK, physical
uplink control channel detecting unit 329 determines infor-
mation of a plurality of ACKs/NACKs. It is noted that in
physical uplink control channel detecting unit 329, relations
among the information of a plurality ACKs/NACKs,
resources selected for ACK/NACK channel selection, and
QPSK signal points such as shown in FIGS. 8 to 10 are set. By
the above-described process, physical uplink control channel
detecting unit 329 determines information of a plurality of
second receipt acknowledgements from the PUCCH signals
transmitted using time domain bundling and ACK/NACK
channel selection. Then, from the second receipt acknowl-
edgement determined by physical uplink control channel
detecting unit 329, control unit 105 determines what is the
ACK/NACK (first receipt acknowledgement) for the data of
each downlink subframe data. By the above-described pro-
cess, physical uplink control channel detecting unit 329 deter-
mines information of a plurality of second receipt acknowl-
edgements from the PUCCH signals transmitted using spatial
bundling and ACK/NACK channel selection. Then, from the
second receipt acknowledgement determined by physical
uplink control channel detecting unit 329, control unit 105
determines what is the ACK/NACK (first receipt acknowl-
edgement) for each data sequence that has been subjected to
spatial multiplexing. By the above-described process, physi-
cal uplink control channel detecting unit 329 determines
information of a plurality of second receipt acknowledge-
ments from the PUCCH signals transmitted using time
domain bundling, spatial bundling and ACK/NACK channel
selection. Then, from the second receipt acknowledgement
determined by physical uplink control channel detecting unit
329, control unit 105 determines what is the ACK/NACK
(first receipt acknowledgement) for each data sequence that
has been subjected to spatial multiplexing of each downlink
subframe.

Based on the control information (DCI) transmitted using
PDCCH and control information transmitted using PDSCH
from base station device 3 to mobile station device 5, control
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unit 105 controls subcarrier de-mapping unit 315, data
demodulating unit 325, turbo decoding unit 327, propagation
path estimating unit 317 and physical uplink control channel
detecting unit 329. Further, based on the control information
transmitted from base station device 3 to mobile station
device 5, control unit 105 recognizes of which resources
(uplink subframe, uplink physical resource block, code
sequence of frequency domain and/or code sequence of time
domain) the PUSCH and/or PUCCH transmitted from each
mobile station device is configured. Based on the control
information (RRC signaling) transmitted from base station
device 3 to mobile station device 5 and on PDCCH (CCE),
control unit 105 recognizes of which resources the PUCCH
candidate resources that may possibly be transmitted by each
mobile station device 5 using ACK/NACK channel selection
are configured.

<Overall Configuration of Mobile Station Device 5>

Inthe following, configuration of mobile station device 5 in
accordance with the present embodiment will be described
with reference to FIGS. 14 to 16. FIG. 14 is a schematic block
diagram showing a configuration of mobile station device 5 in
accordance with an embodiment of the present invention. As
shown in FI1G. 14, mobile station device 5 includes a reception
processing unit 401, a radio resource control unit 403, a
control unit 405, and a transmission processing unit (trans-
mitting unit) 407. Further, control unit 405 includes a first
receipt acknowledgment generating unit 4051, a second
receipt acknowledgement generating unit 4053, a resource
selecting unit 4055 and a parameter setting unit 4057.

Reception processing unit 401 receives signals from base
station device 3 and in accordance with an instruction from
control unit 405, demodulates and decodes the received sig-
nals. If PDCCH signals addressed to itself are detected,
reception processing unit 401 outputs DCI obtained by
decoding PDCCH signals to control unit 405. By way of
example, reception processing unit 401 outputs control infor-
mation related to PUCCH resources included in the PDCCH,
to control unit 405. Further, based on an instruction from
control unit 405 after the DCI included in the PDCCH is
provided to control unit 405, reception processing unit 401
outputs information data obtained by decoding the PDSCH
addressed to itselfto an upper layer, through control unit 405.
Of the DCI included in PDCCH, downlink assignment
includes information indicating PDSCH resource allocation.
Further, reception processing unit 401 outputs control infor-
mation generated by radio resource control unit 103 of base
station device 3 obtained by decoding PDSCH to control unit
405, as well as to radio resource control unit 403 of itself
through control unit 405. By way of example, control infor-
mation generated by radio resource control unit 103 of base
station device 3 includes information indicating a primary
cell, information indicating transmission method of ACK/
NACK, information indicating PUCCH resource candidates,
and information indicating values of some parameters related
to PUCCH transmit power. The ACK/NACK transmission
method includes ACK/NACK channel selection, time domain
bundling and spatial bundling.

Reception processing unit 401 outputs a CRC (Cyclic
Redundancy Check) code included in PDSCH to control unit
405. Though not described with reference to base station
device 3, transmission processing unit 107 of base station
device 3 generates a CRC code from information data and
transmits the information data and the CRC code on PDSCH.
The CRC code is used for determining whether there is any
error in the data included in the PDSCH. If a piece of infor-
mation generated from the data using a predetermined gen-
erator polynominal is the same as the CRC code, the data is
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determined to be free of any error, and if a piece of informa-
tion generated from the data using a predetermined generator
polynominal is not the same as the CRC code, the data is
determined to have some error. Details of reception process-
ing unit 401 will be described later.

Control unit 405 includes a first receipt acknowledgement
generating unit 4051, a second receipt acknowledgement
generating unit 4053, a resource selecting unit 4055, and a
parameter setting unit 4057. Control unit 405 confirms data
transmitted from base station device 3 using PDSCH and
input from reception processing unit 401, and among the data,
outputs the information data to an upper layer. Based on the
control information generated by radio resource control unit
103 of base station device 3 among the data, control unit 405
controls reception processing unit 401 and transmission pro-
cessing unit 407. Further, based on an instruction from radio
resource control unit 403, control unit 405 controls reception
processing unit 401 and transmission processing unit 407. By
way of example, control unit 405 controls transmission pro-
cessing unit 407 such that ACK/NACK is transmitted using
the PUCCH candidate resource indicated by radio resource
control unit 403. Further, based on the DCI transmitted from
base station device 3 using PDCCH and input from reception
processing unit 401, control unit 405 controls reception pro-
cessing unit 401 and transmission processing unit 407. Spe-
cifically, control unit 405 controls reception processing unit
401 based on the detected downlink assignment, and controls
transmission processing unit 407 based on the detected uplink
grant. Further, control unit 405 compares data input from
reception processing unit 401 using predetermined generator
polynominal with the CRC code input from reception pro-
cessing unit 401, determines whether or not the data contains
any error, and generates ACK/NACK. Actually, by the first
receipt acknowledgement generating unit 4051 and the sec-
ond receipt acknowledgement generating unit 4053 of control
unit 405, generation of ACK/NACK is controlled. Further,
control unit 405 generates SR and CQI based on an instruc-
tion from radio resource control unit 403.

First receipt acknowledgement generating unit 4051 gen-
erates ACK/NACK (first receipt acknowledgement) for each
data of downlink received by mobile station device 5. First
receipt acknowledgement generating unit 4051 compares
data included in the PDSCH input from reception processing
unit 401 using predetermined generator polynominal with the
CRC code input from reception processing unit 401, deter-
mines whether or not the data contains any error, and gener-
ates ACK/NACK for each data. If the information generated
from the data using predetermined generator polynominal is
the same as the CRC code, ACK is given as ACK/NACK, and
if the generated information is different from the CRC code,
NACK is given as ACK/NACK.

The second receipt acknowledgement generating unit 4053
executes time domain bundling and spatial bundling on the
plurality of first receipt acknowledgements generated by the
first receipt acknowledgement generating unit 4051, and gen-
erates information (second receipt acknowledgement) col-
lecting the plurality of first receipt acknowledgements.
Whether time domain bundling is to be applied and/or spatial
bundling is to be applied in the second reception acknowl-
edgment generating unit 4053 is set based on information
notified by base station device 3. When set to apply time
domain bundling, the second reception acknowledgment gen-
erating unit 4053 executes a logical operation on the plurality
of first receipt acknowledgements for the plurality of down-
link data of a plurality of downlink subframes (time domain)
in one downlink component carrier (frequency domain).
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When set to apply spatial bundling, the second receipt
acknowledgement generating unit 4053 executes a logical
operation on a plurality of first reception acknowledgments
for the plurality of downlink data of the one downlink com-
ponent carrier (frequency domain) and one downlink sub-
frame (time domain), that is, data transmitted using spatial
multiplexing.

Based on the plurality of second receipt acknowledge-
ments generated by the second receipt acknowledgement
generating unit 4053, resource selecting unit 4055 selects a
resource for arranging signals to explicitly show the contents
of the plurality of second receipt acknowledgements. In
resource selecting unit 4055, a process for selecting a
resource for implicitly indicating information of ACK/NACK
channel selection is performed. Based on the second receipt
acknowledgements for the plurality of cells, resource select-
ing unit 4055 selects the resource to be used for signal trans-
mission from among a plurality of candidate resources based
on the received PDCCH, using the relations of ACK/NACK
information, the resource selected for ACK/NACK channel
selection and the QPSK signal point such as shown in FIGS.
8 to 10. Control unit 405 recognizes CCE used for the
PDCCH including DCI addressed to the device itself, and
determines the PUCCH resource corresponding to the CCE.
The determined resource is used as a candidate resource in
resource selecting unit 4055. It is noted that PUCCH candi-
date resources or potential candidate resources for ACK/
NACK channel selection notified by base station device 3
using RRC signaling are input to control unit 405 as control
information, from radio resource control unit 403. Control
unit 405 sets a candidate resource to resource selecting unit
4055 based on the control information input from radio
resource control unit 403 and the detected PDCCH.

For a cell in which PDSCH is not received by reception
processing unit 401 in any downlink subframe, resource
selecting unit 4055 does not perform the process for selecting
a candidate resource, in connection with the resource select-
ing process for arranging signals to explicitly indicate the
contents of the plurality of second receipt acknowledge-
ments.

Parameter setting unit 4057 sets a parameter value related
to transmit power of PUCCH, PUSCH and uplink pilot chan-
nel. The value of transmit power set by parameter setting unit
4057 is output by control unit 405 to transmission processing
unit 407. For the uplink pilot channel configured by the
resources in the same uplink physical resource blocks as the
PUCCH, the transmit power control is the same as that for the
PUCCH. Similarly, for the uplink pilot channel configured by
the resources in the same uplink physical resource blocks as
the PUSCH, the transmit power control is the same as that for
the PUSCH.

Parameter setting unit 4057 sets, for the PUSCH, values of
aparameter based on the number of uplink physical resource
blocks allocated to the PUSCH, a parameter unique to the cell
and a parameter unique to the mobile station device notified in
advance by base station device 3, a parameter based on the
modulation method used for the PUSCH, a parameter based
on an estimated value of path loss and a parameter based on
the transmit power control command notified by base station
device 3.

Parameter setting unit 4057 sets, for the PUCCH, values of
a parameter based on signal configuration of the PUCCH, a
parameter unique to the cell and a parameter unique to the
mobile station device notified in advance by base station
device 3, a parameter based on an estimated value of path loss,
and a parameter based on a notified transmit power control
command.
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Specifically, parameter setting unit 4057 sets a parameter
value based on the PUCCH signal configuration, for the
PUCCH to which time domain bundling and/or spatial bun-
dling and ACK/NACK channel selection are applied, in
accordance with the number of candidate resources used for
resource selection by resource selecting unit 4055. Alterna-
tively, parameter setting unit 4057 sets a parameter value
based on the PUCCH signal configuration, for the PUCCH to
which time domain bundling and/or spatial bundling and
ACK/NACK channel selection are applied, in accordance
with the number of second receipt acknowledgements gener-
ated by second receipt acknowledgement generating unit
4053.

As parameters related to the transmit power, the parameter
unique to the cell and the parameter unique to the mobile
station device are notified by base station device 3 using
PDSCH, and a transmit power control command is notified by
base station device 3 using PDCCH. The transmit power
control command for PUSCH is included in the uplink grant,
and the transmit power control command for PUCCH is
included in the downlink assignment. Control unit 405 con-
trols PUCCH signal configuration in accordance with the
type of transmitted UCI, and controls PUCCH signal configu-
ration used by parameter setting unit 4057. Various param-
eters related to the transmit power notified by base station
device 3 are appropriately stored in radio resource control
unit 403, and the stored values are input to parameter setting
unit 4057.

Radio resource control unit 403 stores and holds control
information generated by radio resource control unit 103 of
base station device 3 and notified by base station device 3, and
controls reception processing unit 401 and transmission pro-
cessing unit 407 through control unit 405. Specifically, radio
resource control unit 403 has a function of a memory holding
various parameters. By way of example, radio resource con-
trol unit 403 holds control information related to allocation of
PUCCH candidate resources, and outputs a control signal
indicating which of the candidate resources holding PUCCH
signals is to be used for transmission by transmission pro-
cessing unit 407, to control unit 405. It is noted that informa-
tion related to candidate resources for ACK/NACK channel
selection allocated based on the CCE of PDCCH is not held in
radio resource control unit 403, and related information (in-
formation indicating the candidate resource itself, or infor-
mation indicating potential candidate resource) notified from
base station device 3 by RRC signaling is held. Further, radio
resource control unit 403 holds a parameter related to the
transmit power of PUSCH and/or PUCCH, and outputs a
control signal instructing that the parameter notified from
base station device 3 be used in parameter setting unit 4057,
to control unit 405.

Transmission processing unit 407 transmits a signal
obtained by coding and modulating the information data and/
or UCI to base station device 3 through transmission antenna
411 using PUSCH and/or PUCCH resource, in accordance
with an instruction from control unit 405. Further, transmis-
sion processing unit 407 sets the transmit power of PUSCH
and/or PUCCH in accordance with an instruction from con-
trol unit 405. By way of example, transmission processing
unit 407 generates a signal by coding and modulating a signal
indicating part of the contents of the plurality of second
receipt acknowledgements, sets the transmit power of the
value input from parameter setting unit 4057, and transmits
the signal through transmission antenna 411 using the
PUCCH resource selected by resource selecting unit 4055.
Details of transmission processing unit 407 will be described
later.
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<Reception Processing Unit 401 of Mobile Station Device
5>

Inthe following, details of reception processing unit 401 of
mobile station device 5 will be described. FIG. 15 is a sche-
matic block diagram showing a configuration of reception
processing unit 401 of mobile station device 5 in accordance
with an embodiment of the present invention. As shown in
FIG. 15, reception processing unit 401 includes a reception
RF unit 501, an A/D unit 503, a symbol timing detecting unit
505, a GI removing unit 507, an FFT unit 509, a de-multi-
plexing unit 511, a propagation path estimating unit 513, a
PDSCH propagation path compensating unit 515, a physical
downlink shared channel decoding unit 517, a PDCCH
propagation path compensating unit 519, and a physical
downlink control channel decoding unit 521. Further, as
shown in FIG. 15, physical downlink shared channel decod-
ing unit 517 includes a data demodulating unit 523 and a turbo
decoding unit 525. Further, as shown in FIG. 15, physical
downlink control channel decoding unit 521 includes a QPSK
demodulating unit 527 and a Viterbi decoder unit 529. In the
description of reception processing unit 401, an example in
which information is obtained from PDSCH transmitted
using a single antenna port will be described, and an example
in which a processing unit obtaining information from
PDSCH transmitted from a plurality of antenna ports using
spatial multiplexing is provided will be described later.

Reception RF unit 501 appropriately amplifies a signal
received by reception antenna 409, converts to intermediate
frequency (down-convert), removes unnecessary frequency
component, controls amplification level so that appropriate
signal level is maintained, and performs quadrature demodu-
lation based on the in-phase and quadrature-phase compo-
nents of the received signal. Reception RF unit 501 outputs
the quadrature demodulated analog signal to A/D unit 503.

A/D unit 503 converts the analog signal that has been
orthogonally demodulated by reception RF unit 501 to a
digital signal, and outputs the converted digital signal to
symbol timing detecting unit 505 and GI removing unit 507.

Symbol timing detecting unit 505 detects symbol timing
based on the digital signal converted by A/D unit 503, and
outputs a control signal indicating the detected timing of
symbol border to GI removing unit 507. Based on the control
signal from symbol timing detecting unit 505, GI removing
unit 507 removes the part corresponding to the guard interval
from the digital signal input from A/D unit 503, and outputs
the remaining part of the signal to FFT unit 509. FFT unit 509
performs Fast Fourier Transform on the signal input from GI
removing unit 507, performs OFDM demodulation and out-
puts the result to de-multiplexing unit 511.

De-multiplexing unit 511 separates the signal demodulated
by FFT unit 509 to PDCCH signal and PDSCH signal, based
on the control signal input from control unit 405. De-multi-
plexing unit 511 outputs the separated PDSCH signal to
PDSCH propagation path compensating unit 515, and out-
puts the separated PDCCH signal to PDCCH propagation
path compensating unit 519. Further, de-multiplexing unit
511 separates a downlink resource element on which down-
link pilot channel is arranged, and outputs a downlink refer-
ence signal of the downlink pilot channel to propagation path
estimating unit 513. Further, de-multiplexing unit 511 out-
puts the signal of PDCCH CC to PDCCH propagation path
compensating unit 519, and outputs the signal of PDSCH CC
to PDSCH propagation path compensating unit 515.

Propagation path estimating unit 513 estimates fluctuation
on the propagation path using the downlink reference signal
of the downlink pilot channel separated by de-multiplexing
unit511 and a known signal. Propagation path estimating unit
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513 outputs a propagation path compensating value for
adjusting amplitude and phase to PDSCH propagation path
compensating unit 515 and PDCCH propagation path com-
pensating unit 519, to compensate for the fluctuation on the
propagation path. PDSCH propagation path compensating
unit 515 adjusts the amplitude and phase of PDSCH signal
de-multiplexed by de-multiplexing unit 511 in accordance
with the propagation path compensating value input from
propagation path estimating unit 513. PDSCH propagation
path compensating unit 515 outputs the signal of which
propagation path is adjusted, to data demodulating unit 523 of
physical downlink shared channel decoding unit 517.

Physical downlink shared channel decoding unit 517
demodulates and decodes PDSCH in accordance with an
instruction from control unit 405, and detects information
data. Data demodulating unit 523 demodulates the PDSCH
signal input from propagation path compensating unit 515,
and outputs the demodulated PDSCH signal to turbo decod-
ing unit 525. The demodulation corresponds to the modula-
tion method used in data modulating unit 221 of base station
device 3. Turbo decoding unit 525 decodes information data
from the demodulated PDSCH signal input from data
demodulating unit 523, and outputs the result to an upper
layer through control unit 405. Control information and the
like generated by radio resource control unit 103 of base
station device 3 transmitted through PDSCH are also output
to control unit 405. The control information and the like are
also output to radio resource control unit 403 through control
unit405. The CRC code included in the PDSCH is also output
to control unit 405.

Propagation path compensating unit 519 for PDCCH
adjusts the amplitude and phase of PDCCH signal separated
by de-multiplexing unit 511 in accordance with the propaga-
tion path compensating value input from propagation path
estimating unit 513. PDCCH propagation path compensating
unit 519 outputs the adjusted signal to QPSK demodulating
unit 527 of physical downlink control channel decoding unit
521.

Physical downlink control channel decoding unit 521
demodulates and decodes the signal input from PDCCH
propagation path compensating unit 519 in the following
manner, to detect control data. QPSK demodulating unit 527
performs QPSK demodulation on the PDCCH signal, and
outputs the result to Viterbi decoder unit 529. Viterbi decoder
unit 529 decodes the signal demodulated by QPSK demodu-
lating unit 527, and outputs the decoded DCI to control unit
405. Here, the signal is represented bit by bit. Viterbi decod-
ing unit 529 also performs rate matching on the input bits, for
adjusting the number of bits to be subjected to the Viterbi
decoding process.

Mobile station device 5 performs a process for detecting
DCI addressed to itself, assuming a plurality of CCE aggre-
gation numbers. Mobile station device 5 performs different
decoding process on PDCCH signals for each assumed CCE
aggregation number, and obtains the DCI included in that
PDCCH of which CRC code added to the PDCCH together
with the DCI is found to be error-free. Such a process is
referred to as “blind decoding.” Mobile station device 5 may
perform blind decoding not on every CCE of downlink com-
ponent carrier but only on some of the CCEs. These CCEs on
which blind decoding is performed are referred to as “search
space.” Further, blind decoding may be performed on differ-
ent CCEs for different CCE aggregation numbers.

Control unit 405 determines whether or not the DCI input
from Viterbi decoder unit 529 is error-free and determines
whether or not the DCI is addressed to itself and, as a result,
if the DCI is correctly determined to be the one addressed to
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itself, control unit 405 controls de-multiplexing unit 511, data
demodulating unit 523, turbo decoding unit 525 and trans-
mission processing unit 407, based on the DCI. By way of
example, if the DCI is a downlink assignment, control unit
405 controls reception processing unit 401 such that the
PDSCH signals are decoded by the downlink component
carrier with the resources allocated. It is noted that PDCCH
also includes a CRC code as does PDSCH and, using the CRC
code, control unit 405 determines whether or not the DCI of
PDCCH has any error.

Ifthe DCl is determined to be addressed to the device itself,
control unit 405 determines the resource to be used for
PUCCH signal transmission and/or PUCCH signal candidate
resources to be used for the resource selection process of
ACK/NACK channel selection, based on the CCE informa-
tion (identification number) used in the signal. By way of
example, in mobile station device 5 in which ACK/NACK
channel selection is set, control unit 405 determines the can-
didate resource to be used by resource selecting unit 4055,
based on the identification number of CCE used in the
PDCCH including the DCI addressed to itself, detected in the
primary cell.

Next, a process for obtaining information from PDSCH
transmitted from a plurality of antenna ports of base station
device 3 using spatial multiplexing will be described. As
compared with the configuration of reception processing unit
401 described with reference to FIG. 15, at least a spatial
de-multiplexing detecting unit is additionally provided. The
spatial de-multiplexing detecting unit performs a process of
combining and separating signals transmitted by transmis-
sion antennas 111 of base station device 3 and detecting a
plurality of data sequences, using pre-coding used on the
transmitting side. The information indicating the pre-coding
is transmitted, included in a downlink assignment. Propaga-
tion path estimating unit 513 estimates the propagation path
fluctuation experienced by the signal transmitted from each
transmission antenna 111, based on the downlink reference
signal transmitted from each of the transmission antennas 111
of base station device 3. By way of example, the spatial
de-multiplexing detecting unit may be incorporated in
PDSCH propagation path compensating unit 515. The spatial
de-multiplexing detecting unit compensates for the propaga-
tion path fluctuation of the signal transmitted from each trans-
mission antenna 111 and performs the combining and de-
multiplexing process, using the estimated value of
propagation path fluctuation experienced by the signal trans-
mitted from each transmission antenna 111 estimated by
propagation path estimating unit 513. The spatial de-multi-
plexing detecting unit outputs the plurality of detected data
sequences to the physical downlink shared channel decoding
unit.

<Transmission Processing Unit 407 of Mobile Station
Device 5>

In the following, details of transmission processing unit
407 of mobile station device 5 will be described. FIG. 16is a
schematic block diagram showing a configuration of trans-
mission processing unit 407 of mobile station device 5 in
accordance with an embodiment of the present invention. As
shown in FIG. 16, transmission processing unit 407 includes
aplurality of carrier-by-carrier transmission processing units
601-1 to 601-M for the uplink component carriers (hereinaf-
ter the carrier-by-carrier transmission processing units 601-1
to 601-M for the uplink component carriers will be generally
referred to as “carrier-by-carrier transmission processing unit
601 for uplink component carriers”), a component carrier
synthesizing unit 603, a D/A unit 605, a transmission RF unit
607, and a transmission antenna 411. Further, as shown in
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FIG. 16, carrier-by-carrier transmission processing unit 601
for uplink component carriers includes a turbo coding unit
611, a data modulating unit 613, a DFT unit 615, an uplink
pilot channel processing unit 617, a physical uplink control
channel processing unit 619, a sub-carrier mapping unit 621,
an IFFT unit 623, a Gl inserting unit 625 and a transmit power
adjusting unit 627. Mobile station device 5 has carrier-by-
carrier transmission processing units 601 for uplink compo-
nent carriers same in number as the corresponding uplink
component carriers. Since carrier-by-carrier transmission
processing units 601 for uplink component carriers each have
the same configuration and same functions, only one will be
described as a representative.

Carrier-by-carrier transmission processing unit 601 for
uplink component carriers performs coding and modulation
on information data and/or UCI, generates a signal to be
transmitted using PUSCH and/or PUCCH in the uplink com-
ponent carrier, and adjusts transmit power of PUSCH and/or
PUCCH. Turbo coding unit 611 performs turbo coding on the
input information data with code rate input from control unit
405, to enhance error resilience of data, and outputs the result
to data modulating unit 613. Data modulating unit 613 modu-
lates the coded data coded by turbo coding unit 611 by a
modulation method instructed by control unit 405, such as
QPSK, 16QAM or 64QAM, and generates a signal sequence
of modulated symbols. Data modulating unit 613 outputs the
generated signal sequence of modulated symbols to DFT unit
615. DFT unit 615 performs Discrete Fourier Transform on
the signals input from data modulating unit 613, and outputs
the result to sub-carrier mapping unit 621.

Physical uplink control channel processing unit 619 per-
forms a baseband signal processing for transferring the UCI
input from control unit 405. The UCI input to physical uplink
control channel processing unit 619 includes ACK/NACK
(first receipt acknowledgement, second receipt acknowledge-
ment), SR and CQI. Physical uplink control channel process-
ing unit 619 performs the baseband process and outputs the
generated signal to sub-carrier mapping unit 621. Physical
uplink control channel processing unit 619 encodes informa-
tion bits of UCI to generate a signal. For example, physical
uplink control channel processing unit 619 applies encoding
on information bits indicating contents of part of the plurality
of second receipt acknowledgements, to generate a signal.
Here, the information bits of ACK/NACK include informa-
tion explicitly indicated by the modulated signal in ACK/
NACK channel selection, as well as ACK/NACK information
of'single PDSCH where ACK/NACK channel selection is not
applied.

Physical uplink control channel processing unit 619 per-
forms signal processing related to code multiplexing in the
frequency domain and/or code multiplexing in the time
domain, on the signals generated from UCI. Physical uplink
control channel processing unit 619 realizes code multiplex-
ing in the frequency domain by multiplying a PUCCH signal
generated from at least any of the ACK/NACK information
bit, the SR information bit and the CQI information bit, by a
code sequence instructed by control unit 405. Physical uplink
control channel processing unit 619 realizes code multiplex-
ing in the time domain by multiplying a PUCCH signal gen-
erated from the ACK/NACK information bit or the SR infor-
mation bit, by a code sequence instructed by control unit 405.

Uplink pilot channel processing unit 617 generates an
uplink reference signal, which is a known signal in base
station device 3, and outputs it to sub-carrier mapping unit
621, based on an instruction from control unit 405.

Sub-carrier mapping unit 621 places the signal input from
uplink pilot channel processing unit 617, the signal input
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from DET unit 615, and the signal input from physical uplink
control channel processing unit 619 on the sub-carrier, and
outputs the result to IFFT unit 623, in accordance with an
instruction from control unit 405.

IFFT unit 623 performs Inverse Fast Fourier Transform on
the signals input from sub-carrier mapping unit 621, and
outputs the result to Gl inserting unit 625. Here, the number of
points of IFFT unit 623 is larger than that of DFT unit 615.
Mobile station device 5 performs DFT-Spread-OF DM modu-
lation on the signals transmitted using PUSCH, by using DFT
unit 615, sub-carrier mapping unit 621 and IFFT unit 623. GI
inserting unit 625 adds the guard interval to the signals input
from IFFT unit 623, and outputs the result to transmit power
adjusting unit 627.

Transmit power adjusting unit 627 adjusts the transmit
power of the signals input from GI inserting unit 625 based on
a control signal from control unit 405, and outputs the signals
to component carrier synthesizing unit 603. Transmit power
adjusting unit 627 controls average transmit power of
PUSCH, PUCCH and/or uplink pilot channel, for each uplink
subframe.

By the process of transmit power adjusting unit 627, based
on the parameter of which value is set in accordance with the
number of candidate resources used for resource selection by
resource selecting unit 4055, the transmit power for the
PUCCH signal using ACK/NACK channel selection apply-
ing time domain bundling and/or spatial bundling is con-
trolled. Alternatively, by the process of transmit power adjust-
ing unit 627, based on the parameter of which value is set in
accordance with the number of second receipt acknowledge-
ments generated by the second receipt acknowledgement
generating unit 4053, the transmit power for the PUCCH
signal using ACK/NACK channel selection applying time
domain bundling and/or spatial bundling is controlled.

Component carrier synthesizing unit 603 synthesizes sig-
nals of each uplink component carrier input from carrier-by-
carrier transmission processing unit 601 for uplink compo-
nent carriers, and outputs the result to D/A unit 605. D/A unit
605 converts baseband digital signal input from component
carrier synthesizing unit 603 to an analog signal, and outputs
the analog signal to transmission RF unit 607. Transmission
RF unit 607 generates, from the analog signal input from D/A
unit 605, in-phase component and quadrature-phase compo-
nent of intermediate frequency, and removes unnecessary
frequency component of the intermediate frequency band.
Then, transmission RF unit 607 converts the signal of inter-
mediate frequency to a signal of high frequency (up-con-
verts), removes unnecessary frequency component, amplifies
power, and transmits the result to base station device 3
through transmission antenna 411.

<Setting of Parameter Related to Transmit Power>

In the following, setting of the parameter related to trans-
mit power, for PUCCH using ACK/NACK channel selection
applying time domain bundling and/or spatial bundling at
parameter setting unit 4057 will be described. Para meter
setting unit 4057 sets a parameter value based on the PUCCH
signal configuration, in accordance with the number of can-
didate resources used for resource selection by resource
selecting unit 4055. Alternatively, parameter setting unit 4057
sets a parameter value based on the PUCCH signal configu-
ration in accordance with the number of second receipt
acknowledgements generated by second receipt acknowl-
edgement generating unit 4053. Alternatively, parameter set-
ting unit 4057 sets the parameter value based on the PUCCH
signal configuration in accordance with the number of cells in
which reception processing unit 401 has received data by at
least one downlink subframe. Specifically, the value of a
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prescribed parameter related to transmit power is determined
in accordance with the number of cells used for data commu-
nication in a plurality of subframes.

FIG. 17 shows a correspondence relation between the num-
ber of candidate resources or the number of second receipt
acknowledgements and a parameter value related to transmit
power, used in the mobile station device in accordance with
an embodiment of the present invention.

When transmission of single data takes place in every cell
used in cell aggregation, or if at least spatial bundling is
applied in every cell used in cell aggregation, the number of
candidate resources used for resource selection or the number
of second receipt acknowledgements is, put otherwise, “the
number of cells that received data in at least any one downlink
subframe.” If spatial bundling is not applied to any of the cells
used in cell aggregation, the number of candidate resources
used for resource selection or the number of second receipt
acknowledgements is, put otherwise, “the number of data
sequences of all cells that received data in at least any one
downlink subframe.”

Here, the parameter related to the transmit power is a
parameter based on the PUCCH signal configuration, and by
way of example, the unit of parameter value related to the
transmit power is decibel [dB]. Description will be given with
reference to the example of FIG. 17, using the number of four
different candidate resources or the number of second receipt
acknowledgements (N1, N2, N3, N4), and four different
parameter values (X1, X2, X3, X4) related to transmit power.
The present invention, however, is not limited to the above.

Referring to FIG. 17, the magnitude relation of the number
of candidate resources or the number of second receipt
acknowledgements is N1<N2<N3<N4. In FIG. 17, the mag-
nitude relation of the number of parameters related to trans-
mit power is X1<X2<X3<X4.

(1) If the number of candidate resources or the number of
second receipt acknowledgements is N1, parameter setting
unit 4057 sets the parameter value related to transmit power to
X1.

(2) If the number of candidate resources or the number of
second receipt acknowledgements is N2, parameter setting
unit 4057 sets the parameter value related to transmit power to
X2.

(3) If the number of candidate resources or the number of
second receipt acknowledgements is N3, parameter setting
unit 4057 sets the parameter value related to transmit power to
X3.

(4) If the number of candidate resources or the number of
second receipt acknowledgements is N4, parameter setting
unit 4057 sets the parameter value related to transmit power to
X4.

In FIG. 17, an example in which the relation between the
number of candidate resources or second receipt acknowl-
edgements and the parameter value related to power trans-
mission is managed by a table has been described. The rela-
tion, however, may be managed using a mathematical
expression. For instance, the number of candidate resources
or the number of second receipt acknowledgements may be
an input value to an expression and the value as the output of
expression may be used as the parameter value related to
power transmission by parameter setting unit 4057.

Parameter setting unit 4057 sets the parameter value based
on the PUCCH signal configuration, in accordance with the
number of received downlink data (transport blocks) (the
number of first receipt acknowledgements), in the PUCCH
using ACK/NACK channel selection without applying time
domain bundling and/or spatial bundling.
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FIG. 18 is a flowchart representing an example of a process
related to setting of a parameter value related to transmit
power of the mobile station device in accordance with an
embodiment of the present invention. For simplicity of
description, setting of'a parameter value based on the PUCCH
signal configuration for the PUCCH using ACK/NACK chan-
nel selection will be described with priority, and details
related to setting of parameter values different from the
parameter based on the PUCCH signal configuration will not
be given.

Referring to FIG. 18, control unit 405 of mobile station
device 5 determines whether or not time domain bundling
and/or spatial bundling is set (step S101).

Ifit is determined that time domain bundling and/or spatial
bundling is set (YES at step S101), control unit 405 sets a
parameter value related to transmit power of PUCCH in
accordance with the number of candidate resources used for
resource selection by resource selecting unit 4055 or in accor-
dance with the number of second receipt acknowledgements
generated by second receipt acknowledgement generating
unit 403 (step S102).

Ifit is determined that time domain bundling and/or spatial
bundling is not set (NO at step S102), control unit 405 sets the
parameter value related to transmit power of PUCCH in
accordance with the number of first receipt acknowledge-
ments generated by first receipt acknowledgement generating
unit 4051 (step S103).

After steps S102 and S103, mobile station device 5 adjusts
the transmit power of PUCCH by transmit power adjusting
unit 627 using the set parameter value, and transmits signals
on PUCCH.

Iftransmission of single data takes place in every cell used
for cell aggregation or at least spatial bundling is applied to
every cell used for cell aggregation (if time domain bundling
and spatial bundling are set at step S101), at step S102, the
parameter value related to transmit power of PUCCH may be
set in accordance with the number of cells that received data
in at least any one downlink subframe.

If spatial bundling is not applied to any of the cells used for
cell aggregation (if only time domain bundling is set at step
S101), at step S102, the parameter value related to transmit
power of PUCCH may be set in accordance with the number
of data sequences of all cells that received data in at least any
one downlink subframe.

As described above, in the present embodiment, mobile
station device 5 sets the parameter value related to transmit
power in accordance with the number of candidate resources
used for resource selection for ACK/NACK channel selec-
tion, or in accordance with the number of second receipt
acknowledgements. Mobile station device 5 controls transmit
power of PUCCH used for transmitting a signal generated
from the information of a plurality of second receipt acknowl-
edgements using the set parameter value, and transmits
PUCCH. Thus, base station device 3 can obtain information
with appropriate reception characteristic from the received
uplink signals.

Alternatively, mobile station device 5 sets the parameter
value related to transmit power in accordance with the num-
ber of cells that received data in at least any one downlink
subframe, or the number of data sequences of all cells that
received data in at least any one downlink subframe. Mobile
station device 5 controls transmit power of PUCCH used for
transmitting a signal generated from the information of a
plurality of second receipt acknowledgements using the set
parameter value, and transmits PUCCH. Thus, base station
device can receive information with appropriate reception
characteristic from the received uplink signals.
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If the PUCCH transmit power is linearly controlled in
accordance with the number of transport blocks, it is possible
that unnecessarily high transmit power is used and interfer-
ence increases, resulting in lower efficiency of communica-
tion system. In contrast, by the embodiment of the present
invention, setting of unnecessarily high transmit power can be
avoided, and the risk of increased interference can be avoided.
Thus, decrease of communication system efficiency can be
prevented. Therefore, increased interference to PUCCH of
other mobile station device 5 can be avoided. Thus, base
station device 3 can obtain information with appropriate
reception characteristic, from the uplink signals.

The characteristic ensuring correct detection of candidate
resource on which a signal is transmitted by base station
device 3 deteriorates as the number of candidate resources as
the object of signal detection increases. Therefore, as the
candidate resources as the object of signal detection by base
station device 3 increases, mobile station device 5 is con-
trolled to use higher transmit power. Thus, it becomes pos-
sible for base station device 3 to obtain information of the
plurality of second receipt acknowledgements with appropri-
ate reception characteristic, from the received PUCCH sig-
nals. On the other hand, as the number of candidate resources
as the object of signal detection by base station device 3
decreases, as long as the information of the plurality of sec-
ond receipt acknowledgements can be obtained appropri-
ately, base station device 3 controls mobile station device 5to
use lower transmit power for sending PUCCH signals includ-
ing the signal generated from the information of the plurality
of second receipt acknowledgements, so that interference to
signals from other mobile station device 5 can be reduced.

The “mobile station device” described in the present speci-
fication is not limited to a moving terminal. The present
invention may be realized by implementing the function of
mobile station device 5 on a fixed terminal.

The embodiment of the present invention described above
may be realized by implementing and controlling functions
on an integrated circuit. Specifically, according to another
embodiment of the present invention, the integrated circuit is
mounted on mobile station device 5 and causes mobile station
device 5 to perform a plurality of functions. The integrated
circuit causes mobile station device 5 to perform a series of
functions including: a function of generating first receipt
acknowledgements indicating positive or negative acknowl-
edgements for downlink data received from base station
device 3 in a plurality of frequency domains and a plurality of
time domains; a function of executing a logical operation on
the plurality of first receipt acknowledgements to generate a
second receipt acknowledgement; a function of selecting a
resource on which a signal indicating contents of the second
reception acknowledgments is arranged, based on a plurality
of second receipt acknowledgements; and a function of con-
trolling transmit power in accordance with the number of
candidate resources used for resource selection, and transmit-
ting the signal indicating the contents of the second receipt
acknowledgements using the selected resource.

In this manner, mobile station device 5 using the integrated
circuit in accordance with another embodiment of the present
invention sets the parameter value related to transmit power in
accordance with the number of candidate resources used for
resource selection for ACK/NACK channel selection. Mobile
station device 5 transmits PUCCH while controlling PUCCH
transmit power used for signal transmission generated from
the contents of the plurality of second receipt acknowledge-
ments using the set parameter value. Thus, base station device
3 can obtain information of the plurality of second receipt
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acknowledgements with appropriate reception characteris-
tics, from the received PUCCH.

According to a still further aspect, the present invention
provides an integrated circuit causing, when mounted on
mobile station device 5, the mobile station device 5 to per-
form a plurality of functions. The integrated circuit causes
mobile station device to perform a series of functions includ-
ing: a function of generating first receipt acknowledgements
for downlink data received from base station device 3 in a
plurality of frequency domains and a plurality of time
domains; a function of executing a logical operation on a
plurality of first receipt acknowledgements for a plurality of
downlink data of the same frequency domain and same time
domain, to generate a second receipt acknowledgement; a
function of selecting a resource on which a signal indicating
contents of the second receipt acknowledgements is arranged,
based on a plurality of second receipt acknowledgements; and
a function of controlling transmit power in accordance with
the number of second receipt acknowledgements and trans-
mitting a signal indicating the contents of the second receipt
acknowledgements using the selected resource.

As described above, when ACK/NACK channel selection
and time domain bundling are executed, mobile station device
5 using the integrated circuit in accordance with the still
further aspect of the present invention sets the parameter
value related to transmit power, in accordance with the num-
ber of second receipt acknowledgements generated in a plu-
rality of component carriers (cells). Mobile station device 5
transmits PUCCH while controlling PUCCH transmit power
used for signal transmission generated from the contents of
the plurality of second receipt acknowledgements using the
set parameter value. Thus, base station device 3 can obtain
information with appropriate reception characteristics, from
the received uplink signals.

The operation described in the embodiments of the present
invention may be realized by a program. According to a still
further aspect, the present invention provides a program (a
program causing a computer to function) running on mobile
station device 5 and base station device 3, which controls
CPU (Central Processing Unit) and the like to realize the
functions of the embodiments described above. The informa-
tion handled in these devices is temporarily stored in an RAM
(Random Access Memory) during processing. Thereafter, the
stored information is stored in various ROMs (Read Only
Memories), HDD (Hard Disk Drive) and the like, and sub-
jected to reading, writing or modification by the CPU as
needed. Recording medium storing the program may include:
a semiconductor medium (such as an ROM or non-volatile
memory card), an optical recording medium (such as a DVD
(Digital Versatile Disk), MO (Magnetic-Optical disk), MD
(Mini-Disk), CD (Compact Disk), or BD (Blue-ray Disk), or
a magnetic recording medium (such as a magnetic tape or a
flexible disk). Further, by executing the loaded program, the
above-described functions of the embodiments are realized
and, in addition, the embodiments of the present invention
may be realized by coordinated processing with an operating
system or other application program based on an instruction
from the program.

For distribution in the market, the program may be stored in
a portable recording medium, or the program may be trans-
ferred to a server computer connected through a network such
as the Internet. Here, the storage device of the server com-
puter is also encompassed by the scope of the present inven-
tion. Further, part of, or all of the mobile station device 5 and
base station device 3 in accordance with the embodiments
described above may be realized by an LSI (Large Scale
Integration) as a typical integrated circuit. Each of the func-
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tional blocks in mobile station device 5 and base station
device 3 may be implemented in a chip, and part of or all of the
function blocks may be integrated and implemented in a chip.
Further, the method of integration is not limited to LSI, and
the integrated circuit may be realized in a dedicated circuit or
a general purpose processor. Further, if a technique of circuit
integration replacing L.SI emerges as a result of advancement
in semiconductor technology, integrated circuit realized by
such a technique may be used.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the same is by
way of illustration and example only and is not to be taken by
way of limitation, the scope of the present invention being
interpreted by the terms of the appended claims.

REFERENCE SIGNS LIST

1 communication system, 3 base station device, 5, 5A, 5B,
5C) mobile station device, 101, 401 reception processing
unit, 103, 403 radio resource control unit, 105, 405 control
unit, 107, 407 transmission processing unit, 109, 409 recep-
tion antenna, 111 transmission antenna, 201 physical down-
link shared channel processing unit, 203 physical downlink
control channel processing unit, 205 downlink pilot channel
processing unit, 207 multiplexing unit, 209, 623 IFFT unit,
211, 625 Gl inserting unit 213, 605 D/A unit, 215, 607 trans-
mission RF unit, 219, 611 turbo coding unit, 221, 613 data
modulating unit, 223 convolution coding unit, 225 QPSK
modulating unit, 301, 501 reception RF unit, 303, 503 A/D
unit, 305 component carrier separating unit, 307 carrier-by-
carrier reception processing unit for uplink component carri-
ers, 309 symbol timing detecting unit, 311, 507 GI removing
unit, 313, 509 FFT unit, 315 sub-carrier de-mapping unit,
317, 513 propagation path estimating unit, 319 propagation
path equalizing unit (for PUSCH), 321 propagation path
equalizing unit (for PUCCH), 323 IDFT unit, 325, 523 data
demodulating unit, 327, 525 turbo decoding unit, 329 physi-
cal uplink control channel detecting unit, 411 transmission
antenna, 505 symbol timing detecting unit, 511 de-multiplex-
ing unit, 515 propagation path compensating unit (for
PDSCH), 517 physical downlink shared channel decoding
unit, 519 propagation path compensating unit (for PDCCH),
521 physical downlink control channel decoding unit, 527
QPSK demodulating unit, 529 Viterbi decoder unit, 601 car-
rier-by-carrier transmission processing unit for uplink com-
ponent carriers, 603 component carrier synthesizing unit, 615
DFT unit, 617 uplink pilot channel processing unit, 619
physical uplink control channel processing unit, 621 sub-
carrier mapping unit, 627 transmit power adjusting unit, 4051
first receipt acknowledgement generating unit, 4053 second
receipt acknowledgement generating unit, 4055 resource
selecting unit, 4057 parameter setting unit.

The invention claimed is:

1. A mobile station device to communicate with a base
station device over a plurality of subframes on a plurality of
cells, the mobile station device comprising:

areceiving unit configured to receive data transmitted over
a plurality of downlink subframes from the base station
device;

a ACK/NACK generating unit configured to generate
ACK/NACK for reception of the data;

a resource selecting unit configured to select one PUCCH
resource from a plurality of PUCCH resources in an
uplink subframe, in accordance with information of the
ACK/NACK, by PUCCH format 1b with channel selec-
tion;
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a parameter setting unit configured to set at least one
parameter value to prescribe transmit power of a
PUCCH transmitted using the selected PUCCH
resource; and

a transmitting unit configured to transmit, with the pre-
scribed transmit power, modulation signals related to the
ACK/NACK, the modulation signals are mapped to the
selected PUCCH resource for the PUCCH, wherein

the parameter setting unit is configured to determine the
parameter value in accordance with the number of cells
having received the data over the plurality of downlink
subframes, the parameter value which is determined in
the case of having received the data on a cell is different
from the parameter value which is determined in the case
of having received the data on a plurality of cells.

2. The mobile station device according to claim 1, wherein
the number of the plurality of PUCCH resources to be used to
select the resource in accordance with the number of cells
having received the data over at least one downlink subframe
is capable to change.

3. A communication method for a mobile station device to
communicate with a base station device over a plurality of
subframes on a plurality of cells, the communication method
comprising,

receiving data transmitted over a plurality of downlink
subframes from the base station device;

generating ACK/NACK for reception of the data;

selecting one PUCCH resource from a plurality of PUCCH
resources in an uplink subframe, in accordance with
information of the ACK/NACK, by PUCCH format 1b
with channel selection;

setting at least one parameter value to prescribe transmit
power of a PUCCH transmitted using the selected
PUCCH resource;

transmitting, with the prescribed transmit power, modula-
tion signals related to the ACK/NACK, the modulation
signals are mapped to the selected PUCCH resource for
the PUCCH; and

determining the parameter value in accordance with the
number of cells having received the data over the plu-
rality of downlink subframes, wherein the parameter
value which is determined in the case of having received
the data on a cell is different from the parameter value
which is determined in the case of having received the
data on a plurality of cells.

4. The communication method according to claim 3,
wherein the number of the plurality of PUCCH resources to
be used to select the resource in accordance with the number
of cells having received the data over at least one downlink
subframe is capable to change.

5. An integrated circuit mounted on a mobile station device
to communicate with a base station device over a plurality of
subframes on a plurality of cells, to cause said mobile station
device to perform a plurality of functions;

receiving data transmitted over a plurality of downlink
subframes from the base station device;

generating ACK/NACK for reception of the data;

selecting one PUCCH resource from a plurality of PUCCH
resources in an uplink subframe, in accordance with
information of the ACK/NACK, by PUCCH format 1b
with channel selection;

setting at least one parameter value to prescribe transmit
power of a PUCCH transmitted using the selected
PUCCH resource;

transmitting, with the prescribed transmit power, modulation
signals related to the ACK/NACK, the modulation signals are
mapped to the selected PUCCH resource for the PUCCH; and
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determining the parameter value in accordance with the
number of cells having received the data over the plu-
rality of downlink subframes, wherein the parameter
value which is determined in the case of having received
the data on a cell is different from the parameter value
which is determined in the case of having received the
data on a plurality of cells.

6. The integrated circuit according to claim 5, wherein the
number of the plurality of PUCCH resources to be used to
select the resource in accordance with the number of cells
having received the data over at least, one downlink subframe
is capable to change.

7. A base station device to communicate with a mobile
station device over a plurality of subframes on a plurality of
cells, the base station device comprising:

a transmitting unit configured to transmit data over a plu-
rality of downlink subframes to the mobile station
device; and

a receiving unit configured to receive modulation signals
related to a ACK/NACK, wherein

the modulation signals are transmitted with a prescribed
transmission power by the mobile station device, and

the modulation signals are mapped to selected PUCCH
resource for a PUCCH by the mobile station device,
wherein

the ACK/NACK is generated for reception of the data by
the mobile station device,

one PUCCH resource is selected from a plurality of
PUCCH resources in an uplink subframe by the mobile
station device, in accordance with information of the
ACK/NACK, by PUCCH format 1b with channel selec-
tion,

at least one parameter value is set, by the mobile station
device, to prescribe transmit power of a PUCCH trans-
mitted by the mobile station device using the selected
PUCCH resource, and

the parameter value is determined in accordance with the
number of cells on which the data has been received over
the plurality of downlink subframes by the mobile sta-
tion device, the parameter value which is determined in
the case that the data has been received on a cell by the
mobile station device is different from the parameter
value which is determined in the case that the data has
been received on a plurality of cells by the mobile station
device.

8. The base station device according to claim 7, wherein the
number of the plurality of PUCCH resources to be used to
select the resource in accordance with the number of cells
having transmitted the data over at least one downlink sub-
frame is capable to change.

9. A communication method for a base station device to
communicate with a mobile station device over a plurality of
subframes on a plurality of cells, the communication method
comprising:

transmitting data over a plurality of downlink subframes to
the mobile station device; and

receiving modulation signals related to a ACK/NACK,
wherein

the modulation signals are transmitted with a prescribed
transmission power by the mobile station device, and

the modulation signals are mapped to selected PUCCH
resource for a PUCCH by the mobile station device,
wherein
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the ACK/NACK is generated for reception of the data by

the mobile station device,
one PUCCH resource is selected from a plurality of
PUCCH resources in an uplink subframe by the mobile
station device, in accordance with information of the
ACK/NACK, by PUCCH format 1b with channel selec-
tion,
at least one parameter value is set, by the mobile station
device, to prescribe transmit power of a PUCCH trans-
mitted by the mobile station device using the selected
PUCCH resource, and

the parameter value is determined in accordance with the
number of cells on which the data has been received over
the plurality of downlink subframes by the mobile sta-
tion device, the parameter value which is determined in
the case that the data has been received on a cell by the
mobile station device is different from the parameter
value which is determined in the case that the data has
been received on a plurality of cells by the mobile station
device.

10. The communication method according to claim 9,
wherein the number of the plurality of PUCCH resources to
be used to select the resource in accordance with the number
of cells having transmitted the data over at least one downlink
subframe is capable to change.

11. An integrated circuit mounted on a base station device
to communicate with a mobile station device over a plurality
of subframes on a plurality of cells, to cause said mobile
station device to perform a plurality of functions:

transmitting data over a plurality of downlink subframes to

the mobile station device; and

receiving modulation signals related to a ACK/NACK,

wherein
the modulation signals are transmitted with a prescribed
transmission power by the mobile station device, and

the modulation signals are mapped to selected PUCCH
resource for a PUCCH by the mobile station device,
wherein

the ACK/NACK is generated for reception of the data by

the mobile station device,
one PUCCH resource is selected from a plurality of
PUCCH resources in an uplink subframe by the mobile
station device, in accordance with information of the
ACK/NACK, by PUCCH format 1b with channel selec-
tion,
at least one parameter value is set, by the mobile station
device, to prescribe transmit power of a PUCCH trans-
mitted by the mobile station device using the selected
PUCCH resource, and

the parameter value is determined in accordance with the
number of cells on which the data has been received over
the plurality of downlink subframes by the mobile sta-
tion device, the parameter value which is determined in
the case that the data has been received on a cell by the
mobile station device is different from the parameter
value which is determined in the case that the data has
been received on a plurality of cells by the mobile station
device.

12. The integrated circuit according to claim 11, wherein
the number of the plurality of PUCCH resources to be used to
select the resource in accordance with the number of cells
having transmitted the data over at least, one downlink sub-
frame is capable to change.
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